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In selecting a subject for a brief address upon the opening 
of the fifty-fourth session of the Epidemiological Society, I 
have naturally turned to the field which comes more 
directly under my own observation in connection with 
factory and workshop industries. Recognising the impos- 
sibility of any adequate review of industrial epidemics and 
endemics in the short time at my disposal, I propose to 
speak mainly of a few of the broader issues, and in par- 
ticular of the gaps in our present knowledge. 

The conditions of indoor industrial life are in many 
respects favourable for the precise study of incidence of 
disease. There is a fairly constant population, as to which 
the decennial Census data are supplemented in further 
detail by records based upon special triennial returns fur- 
nished to the Home Office by employers. The body of 
workers engaged in given industries change comparatively 
little in average sex and age constitution, and spend many 
hours daily in close proximity in a common atmosphere, 
which in some branches of industry is that or an artificial 
climate, owing to exigencies of manufacture. There are, 
moreover, in many work-rooms exceptional conditions of 
environment due to the work itself, that is to say, the 
materials and appliances used, which may cause or pre- 
dispose to disease, whether by inhalation of dust or fumes, 
by handling of poisonous substances, or even by direct 
infection. 

The ordinary requirements of the Public Health Acts are 
N. s. — VOL. xxiv. B 
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supplemented in factories and workshops by further pro- 
visions, general and special, which have done much to 
improve the environment, and to control the exceptional 
conditions which are directly or indirectly prejudicial to 
health. Thus a reasonable temperature must be main- 
tained, and in general one approaching 60° Fahr. is 
aimed at in sedentary work ; but in certain occupations the 
" reasonableness" has to depend to some extent upon trade 
exigencies, as well as upon health and comfort. In fine 
spinning, for example, a higher temperature is needed, and 
in a few branches of industry a low limit has to be allowed. 
Certain textile pi ocesses cannot be carried on if the air is 
too dry, and hence steam is added, in one way or another ; 
but the humidity is not allowed to exceed a certain degree, 
and the abuses of past times in this respect are no longer 
found. 

It is admitted on all hands that adequate ventilation is 
absolutely essential to health, and not less so in work-rooms 
than in dwelling- and sleeping-rooms. In work-rooms it is 
expressly required by statute, and some definition of 
adequacy becomes necessary. It is usual and convenient 
to take the proportion of carbonic acid as the index of 
respiratory impurity, beyond the 3 or 4 (sometimes more) 
parts per 10,000 found in fresh aii*, ancl various points on 
this scale have been suggested by different authorities of 
eminence as limits of permissible respiratory impurity. The 
only one which has statutory authority in factories at 
present is that which is applied to humidified cotton-cloth 
factories, namely, 9 parts of carbonic acid in 10,000 of air. 
A more stringent standard, 6 in 10,000, is to be found in the 
text-books; and a more lenient one of 12 is advocated by 
Dr. Haldane. I am not concerned here and now to criticise 
any of these, but desire only to point out that all are 
of necessity arbitrarily fixed. There is nothing to show 
graduated coincidence of ill-health with 6, 9, 12, or 20 parts 
of CO^, or to mark in terms of disease any precise point at 
which increased ventilation ceases to be beneficial, or con- 
versely any point at which a rising scale of carbonic acid 
begins to connote ill-health. Nor can we hope to identify 
such points in the future. The proportion of carbonic acid 
is not constant in different works, even if engaged in the 
same manufacture, or in different rooms of the same factory, 
or in different parts of the same room, or (from hour to 
hour) in the same part. It is affected by artificial light as 
well as respiration. We cannot associate given opera- 
tions with precise and constant carbonic acid environment 
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in factories; nor are there any sickness or mortality 
rates ready to hand for any such groups, if they could 
be found. These considerations are obvious enough, and I 
only mention them because it has, I am afraid, been assumed 
in much of the recent discussion of the subject that the 
several standards proposed are in some degree critical 
points, fixed by exact experiment or experience, and that 
somewhere in the background are statistics to prove this. 

We must be content with arbitrary standards, in ventila- 
tion as in so many other matters ; and there is abundant 
evidence, statistical and other, to show the improvement in 
health which has resulted when good ventilation is substi- 
tuted for bad. 

Dust is being brought under fuller control, year by year, 
by enforcement of the general powers of the Act, and by 
special provision in certain dangerous processes. The result 
is attained in different ways : by enclosing the work so that 
dust cannot escape ; by substitution of wet or moist pro- 
cesses giving ofi* no dust; by exhaust draught carrying 
away the dust at the point of origin ; and, as a last resource, 
by respirators worn by the operatives exposed to the dust. 
In the case of dusty lead processes in particular, great 
advances have been made in this direction, with resulting 
diminution of lead-poisoning. 

Local exhaust ventilation is also of signal service where 
poisonous fumes are given off, but safety can sometimes be 
secured in another way : by finding harmless substitutes 
for poisonous materials, or by excluding from a given 
employment persons who are more susceptible by age 
or sex, or other reason. Thus, in some kinds of work 
it has been found possible to replace dangerous lead 
compounds by substances which are free from lead, or 
contain it in a less soluble and therefore less harmful 
form. Efficient substitutes have been found for yellow 
phosphorus in making lucifer matches; and the varieties 
of skins, hair, and wool which experience shows to involve 
risk of anthrax can often be replaced by others which 
are free from it. Children and young persons under 16 
are not allowed to work in a factory without a certificate 
of fitness from the certifying surgeon, who has power 
to impose conditions as to the kind of work in which 
they may be employed. The employment of more sus- 
ceptible persons — children, young persons, or even women — 
is forbidden in respect of certain processes involving risk of 
lead-poisoning. The employment of recently-vaccinated 
persons in laundries in times of small-pox prevalence is 

b2 
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another illustration of the same kind, though not under 
statute. 

As regards exposure of operatives to infection, brought by 
fellow- workers or by materials, the Factory Act adds little 
to the ordinary law, beyond giving power to the Secretary 
of State to institute regulations, as in dangerous trades 
generally. Some exclusion of persons under 16 infected at 
the time of tirst seeking employment in factories is secured 
by the routine examination by the certifying surgeon ; and 
the inspector can require re-examination of such persons at 
any time. 

The age and sex conditions are usually unfavourable 
to the diffusion of the epidemic diseases of childhood, 
such as whooping-cough and measles, if introduced into 
a work-room. Acute cases of grave infectious disease 
are generally excluded by inability to work, even apart 
from intentional isolation; but infection of this kind, 
introduced in the form of slight or unrecognised attacks, or 
by " contacts" or otherwise, may find conditions favourable 
to wide transmission in tha common atmosphere, shared for 
hours daily with numbers of susceptible persons. This 
consideration applies more especially to those which are 
most readily imparted by the breath, and doubtless the 
rapid spread of influenza in industrial centres is promoted 
by work-room congregations even more than by those of 
briefer duration in churches, theatres, and places of public 
resort. In this connection Dr. Gordon's recent Report to 
the Local Government Board is of great moment, and I 
trust that before long the Society will have an opportunity 
of discussing the subject generally. 

Materials handled may bring with them infection, of 
human origin or otherwise. Clear evidence of this is to be 
found in the experience of laundries, notably in connection 
with small-pox epidemics. Rags (a larger item of import 
and manufacture than is generally imagined), have 
an unenviable but well-founded reputation as carriers of 
infection. Rag-sorting, paper mills, flock-making, shoddy 
works, all have their record of small-pox outbreaks, due to 
the handling of rags of unknown origin but indubitable 
uncleanliness ; and how unclean certain classes of rags are 
is best known to those who have seen most of them. I can 
speak from experience of some which were being made into 
flock, and were found to lose nearly 40 per cent, of their 
weight on being experimentally washed. Of late years, 
small-pox has been less prevalent, and the use of rags in 
paper mills has declined ; but with the revival of the 
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disease we may look for infection of that kind in shoddy 
mills and flock-making, and I believe that some indication 
of it has already been found in the former. 

Of anthrax I need say but little after our recent discus- 
sion of Dr. Legge's admirable Paper ; but it may be of 
interest to note that one example of infection of this kind 
from rags — an origin familiar abroad, but not in this 
country — has recently occurred in a Yorkshire mill. 

The preliminary stages of three industries — wool, horse- 
hair (including brush-making) and hides and skins — con- 
tribute practically the whole of the cases of anthrax which 
occur in factories and workshops. The dangerous varieties 
of material are in each branch fairly well understood, and 
where they cannot be discarded altogether special pre- 
cautionary measures are directed against them. 

In industrial phthisis we have to recognise something 
more than the spread of infection brought from outside. 
There is ample statistical proof, not only of relation to 
overcrowding and faulty ventilation, but also of relation to 
industries in which dust of certain kinds is breathed ; and 
Dr. Tatham's next decennial supplement will perhaps show 
that the great improvements which have been made in 
factories and workshops in that respect have already been 
followed by reduction in phthisis mortality among the 
workpeople concerned. 

I must refer only incidentally to a number of minor out- 
breaks of industrial disease, some of them infective in 
character, which attract attention from time to time : such 
as tetanus supervening on wounds in jute-mills, and attri- 
buted to dust from the infected Indian soil on which much 
of the jute is grown ; the '' mill fever," to which new-comers 
in dusty mills soon become acclimatised ; the skin affections 
common in certain industries, such as the ulcers on the 
hands of fish-curers in the North, which (as Mr. Newlands, 
one of H. M. Inspectors of Factories, has shown) there is 
reason to suspect may be due to infection from diseased 
tish ; the acute dermatitis, of which several outbreaks have 
occurred among men working in satin-wood. Many more 
examples might be given, and every year adds to the 
number. 

Dr. Haldane and Dr. Boycott have recently established 
the claim of ankylostomiasis to rank as one of the infective 
diseases of this country : happily limited at present, as far 
as is known, to certain west-country mines. Research in 
Yorkshire mines has given negative results. The conditions 
which prevail in underground workings generally are 
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obviously favourable to the parasite if once introduced. 
Above ground, better arrangements can be made for 
sanitary accommodation ; and we may hope that the disease, 
if it should be introduced into a factory, would fail to 
spread. This disease, however, will be brought before the 
Society at an early date by Dr. Boycott. 

And now I pass on to those industrial epidemics or 
endemics which are due to well-ascertained inororanic 
poisons, and not to poisons manufactured in the system by 
parasitic organisms. Here the statistics are more exact, 
at all events as regards those (lead, mercury, arsenic, and 
phosphorus), which, like anthrax, are reported and inves- 
tigated when they arise in factories and workshops. The 
field for investigation is conveniently narrowed, since we 
begin with a definite poison, the source of which is not in 
doubt, and have not to speculate upon the behaviour of 
organisms producing it. There is no question of isolation 
or disinfection, or protection by previous attack, and little of 
prophylaxis or acclimatisation. Nevertheless, we have to 
recognise a number of other factors familiar in all epide- 
miological studies : variations in type of attack due to the 
mode of presentment of the poison and the form in which 
it is presented, as well as dosage ; varying susceptibility 
connected with age and sex, and individual peculiarities of 
the same kind ; and undercurrents of unperceived attacks, 
shading off into dosage of even less than therapeutic 
proportions, which, nevertheless, if continued indefinitely, 
may lead in the end to organic disease. 

The records of industrial lead poisoning afford examples 
in point. Apart from all question of quantity, lead is 
presented in various forms, which are far from equal in 
their toxic effect. The evidence goes to show that the less 
soluble forms — such as galena and certain insoluble sili- 
cates — are less harmful than the more soluble, which include 
not only ordinary white and red lead, but the monosilicate. 
Practical effect has been given to this distinction in apply- 
ing special rules to the manufacture of earthenware and 
china, solubility in dilute acid roughly corresponding to 
gastric juice being adopted as a measure of the danger of 
toxic effect, so far, at all events, as concerns the lead which 
is swallowed. The difference is, perhaps, substantially one 
of dosage, after all, as it more certainly is where the small 
amount or intermittent use of lead, or the care taken to 
keep it out of the system, result in lessened danger; 
although it would be unwise to assume that the more 
insoluble lead compounds or smaller doses are altogether 
harmless. 
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We have evidence of diflerenii kinds of attack charac- 
teristic of different branches of industry, as Dr. Legge 
has pointed out in his published Reports. Among file- 
cutters, paralysis and renal changes are met with, in a 
degree which renders mere record of number of attacks 
an imperfect measure of the real gravity of the danger of 
the trade. A mere attack-rate or death-rate is at best a 
crude representation of an epidemic of any kind. The 
character as well as the number of attacks must be taken 
into account. 

The remoter consequences of plumbism, such as kidney 
disease, may not be traced to that source, especially if work 
in lead has been discontinued long before death ; and, if 
traced, may not correspond to a recorded attack. But even 
where death certificates are silent as to lead poisoning, they 
may, when massed into mortality statistics of occupation, 
reveal the truth indirectly in abnormal incidence of kidney 
disease ; just as epidemics of scarlet fever have been found 
to be followed by increased mortality from kidney disease 
— obviously due to unrecorded scarlet fever — among young 
persons. 

Similarly, in the early days of moorland water supplies, 
when the possibility of dangerous action on lead pipes was 
stoutly contested by water authorities, in spite of the 
appearance of lead poisoning among consumers, important 
corroborative evidence was afforded by the records of 
increased tendency to miscarriage, and even material 
lowering of the birth-rate. 

So far as can be gathered from the official returns, the 
liability of women to lead poisoning is about twice that of 
men ; and among the graver recorded symptoms, paralysis 
is more common in males, encephalopathy in females. 

Arsenical poisoning is far less frequently reported than 
might have been anticipated from the number of persons 
who work in arsenic, and there must be a considerable 
degree of immunity, recalling that of the Styrian peasants, 
to which attention was directed years ago. There is no 
reason to suppose that this extends to arseniuretted 
hydrogen, to which the gravest reported cases are due. 
Nor does the evidence of influence of the manner and form 
in which arsenic is presented cease here, for the symptoms 
observed in the recent epidemics due to presence of arsenic 
in beer, were entirely different from those met with in 
either of the industrial forms. One of the results of the 
inquiry then made was to show that arsenic could be 
found in the urine and (more permanently) in the hair 



8 INAUGURAL ADDRESS OF SESSION 1904-1905. 

of persons in whom no symptoms of poisoning had arisen. 
Following up this clue, Mr. W. Thompson, F.LC, of 
Manchester, was led to inquire how far the common 
presence of arsenic in coal and coal-smoke would cause it to 
appear in the urine of persons living in a smoky atmosphere, 
and especially in the case of those whose occupations 
entailed special exposure to smoke. He obtained positive 
results in many classes of metallurgical workers — in nickel, 
cobalt, copper, spelter — and among town residents, as 
distinguished from those in the country. Arsenic is used 
in certain processes of glass - making, and here again 
positive results were obtained. 

In industrial mercurial poisoning the same undercurrent 
is found. Deiinite attacks are not uncommon, having 
regard to the limited number of persons exposed ; and side 
by side with them are slighter examples of the same 
symptoms, which would escape notice but for careful 
examination. In other persons, again, there are indications 
of presence of mercury in the system, which, though 
apparent on close scrutiny, are unattended with manifesta- 
tions which can be called symptoms of disease. Here 
again there is no sharp border line ; but above a certain 
point of dosage the presence of mercury in the system 
begins to be attended with interference with health 
amounting to poisoning. That changes, beneficial or other- 
wise, occur below that level cannot be doubted. 

Recorded phosphorus poisoning is now happily on a 
small scale. Since the use of yellow phosphorus in the 
manufacture of lucifer matches has been brought under 
stricter control, and soundness of teeth secured by super- 
vision of an official dentist, there have been but few instances 
of necrosis of the jaw among phosphorus workers. Attacks 
of this kind rarely if ever occur until the exposure has been 
continued for years, and this circumstance lends some 
support to the view that effects of the phosphorus may be 
predisposing rather than exciting or directly causative of the 
necrosis. On this view there is a gradual change, not 
recognisable as poisoning, or even interfering with apparent 
health, one result of which is to lessen the resistance of 
bony tissue to inflammatory processes. Attacks of necrosis 
have occurred after work in phosphorus has ceased. 

A person working in lead, arsenic, mercury, or phos- 
phorus is not as other men are, physiologically speaking. 
Bearing in mind the therapeutic use of these substances, 
we must admit that the change may not necessarily be 
harmful in every respect ; but at all events clinical observa- 
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tion and remote mortality statistics show that it may, if 
the degree and duration be sufficient, sometimes lead to 
grave mischief, even without acute attack of severe or slight 
poisoning, such as is reportable to the Home Office. In 
short, the claims of these substances to rank among predis- 
posing causes of remote organic disease must not be over- 
looked. Upon such effects official records of reported 
poisoning throw little light. With regard to these indus- 
trial diseases and many others, there is abundant material 
for study in the practice of hospitals in industrial centres, 
and even in local mortality records. But I would suggest 
to anyone who is prepared to add to our knowledge from 
such sources, that the more the data of disease and death 
can be focussed upon process and not merely trade, the 
more they are differentiated in terms of sex, age, duration 
of occupation, and character and severity of symptoms, the 
more valuable they become. 

In the pottery industry, for example, crude statistics of 
illness and death due to lead or phthisis do not go far 
enough. There are many well-marked branches of the 
manufacture, carried on the same factory but involving 
very different degrees of exposure to dust or lead. And 
age and sex are so important in statistics of plumbism, and 
the variation in character of attack so great, that absence 
of differentiation on those lines would detract greatly from 
the value of the record. In some industries the kind of 
material used is an essential datum; and I can give no 
better example of this than the distinction drawn in 
Dr. Hamer s Report on Anthrax, between wet and dry 
hides. 

As to mortality records, there is one other point to be 
noted. They are of necessity compiled after the industrial 
occupation has ceased, possibly for years, and in the 
absence of careful inquiry no relation to the industry at 
fault may appear for record. There is the further risk of 
a later occupation of less hygienic moment displacing in 
the record a more important entry of earlier work in 
processes injurious to health. 

I have purposely dwelt upon some of the non-infective 
forms of industrial diseases, and upon the undercurrent of 
changes in the system which fall short of overt disease or 
poisoning, not merely because they are deserving of further 
study, but because they are not without suggestiveness in 
relation to wider questions of epidemiology ; and I will 
turn to these for a few moments in conclusion. 

Most if not all epidemic diseases present from time to 
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time wide variations of type, not only in individual attacks 
but also in character of the outbreak as a whole : shown 
sometimes by varying degree of intensity of attack, roughly 
represented by case-mortality, more rarely by predominance 
of particular groups of symptoms, as in successive outbreaks 
of influenza. In the direction of attenuation we find 
attacks so slight that they would pass unrecognised were 
not special search made. There are, further, the familiar 
instances in which the pathogenic organism of, say, diph- 
theria or enteric fever, is found, if looked for, in persons 
apparently healthy. Upon one view such persons are in no 
way affected by the infection they carry — if indeed it be 
infection at all — and the result has even been thought to 
be a reflection upon the credit of bacteriological diagnosis. 

Another view is that these pseudo healthy persons are 
in truth suffering: from an attack so sliofht in its manifes- 
tations that it is only recognisable, under present conditions 
of observation, by finding the specific organism, which 
cannot be done if the identity of that organism is not fully 
established. 

The latter view offers a possible explanation of two 
epidemiological problems : first, the acclimatisation, 
amounting to immunity, or at all events to comparative 
insusceptibility without previous attack, acquired by resi- 
dence in an endemic centre; and, secondl}?-, the natural 
history of certain epidemic diseases in non-epidemic seasons 
or years. Other and adequate explanations of the latter 
are not wanting, more especially as regards diseases shared 
with lower animals, or having permanent foci in other 
countries, from which they can be re-imported. But there 
are epidemics which recur every few years — mumps being 
perhaps even abetter example than measles — for which no 
satisfactory explanation of inter-epidemic continuity by 
sporadic attacks, or by re-importation from other localities, 
or by infection transmitted by lower animals, is always 
forthcoming. The possibility of persistence of infection in 
clothing must not be overlooked ; but it can hardly be 
supposed that infection of mumps or measles survives long 
outside the body. On that hypothesis, we should have in 
almost every household infection ready for every suscep- 
tible person. In scarlet fever and diphtheria, occasional 
persistence of infectiveness after apparent recovery is now 
recognised. 

There are other epidemics — typhus, relapsing fever, 
erysipelas, and, in old days, hospital gangrene — which tend 
to make their appearance when the conditions become 
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favourable, even after years of apparent absence, and in 
circumstances which lend no support to assumption of 
importation. Origin de novo is not now a doctrine accep- 
table to most of us, and we are driven back upon origin 
(in the sense of intensification) from something which had 
not, in ordinary times, betrayed its continuity of existence 
by causing overt disease. It is conceivable, of course, that 
contagium vivum in such a case may have maintained its 
existence for countless generations outside the body, ready 
to attack when the resistance was sufficiently lowered. 
The alternative view is that the outbreak may sometimes 
be due simply to enhanced virulence of a parasitic organism 
whose continuity of existence has been maintained in one 
human host or another, or by passing from host to host, 
equally in the attenuated as in the virulent j)hases of its cycle, 
with the all-important difference that in the one phase it 
fails to cause appreciable illness, and in the other it becomes 
definitely pathogenic. We know from the infectiveness of 
attacks so slight as to be barely distinguishable, that 
transmissibility is not lost when a high degree of attenua- 
tion is reached ; and there seems to be no good reason to 
assume either that the attenuation cannot go further, or that 
on its doing so the organism ceases to be transmissible from 
host to host. And, on the other hand, the vast bacteriolo- 
gical flora of the alimentary and respiratory tracts afford 
examples of unlimited continuity of parasitic organisms 
which are normally non-pathogenic. 
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Ticks and tick-transmitted diseases promise to offer an 
increasing degree of interest to medical men, zoologists, 
and those economically concerned. Some of the diseases 
which ticks transmit, notably those due to the haematozoal 
parasites belonging to the genus Piroplasma, are amongst 
the most devastating which affect domesticated animals 
in many parts of the world. ^ American investigators have, 
moreover, claimed that man is also subject to a similar 
disease, the so-called tick fever of the Rocky Mountains. 

Before proceeding to consider some of the main points 
relating to tick-transmitted diseases, it appears in place 
to say something regarding ticks, more especially out of 
regard for those who have perhaps no special knowledge 
of these ectoparasites. 

Ticks. 

Ticks belong to the class Arachnoidea, in which are 
also included the spiders and mites; all the members of 
this class possessing eight legs when adults. Ticks con- 
stitute a well-defined group or family, the Ixodidae, in 
the Order Acarina. Neumann, in common with most 
zoologists, divides the Ixodidae into two sub-families, the 
Argasinae (including the genera Argas and Ornithodoros) 
and Ixodinae (including the genera Ixodes, Eschatocephalus, 
Aponomma, Amblyomma, Hyalomma, Haemaphysalis, 
Rhipicephalus, and Dermacentor). It would be out of 
place here to dwell upon the particular characters possessed 
by the different genera above-mentioned, especially as 
these can be found described in special works relating 
to the subject. (See Neumann, 1896-1901, and Salmon 
and Stiles, 1902.) 

We are indebted to a long list of zoologists for what 
we know of ticks but our knowledge in the main refers 
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to the external features of tick anatomy. In the case 
of mosquitoes, the study of the diseases they transmit 
led to a more thorough investigation of their biology 
and internal structure, especially at the hands of medical 
men ; and it is safe to say that the same impulse is leading 
us to turn our attention more closely to ticks. 

Ticks, as far as known, derive their nourishment entirely 
by sucking the blood of their hosts. These hosts are 
almost exclusively terrestrial vertebrates, and include prac- 
tically all classes of Mammalia, Aves, Reptilia (Chelonia, 
Sauria, Ophidia), and Amphibia (Bufo). Neumann records 
but two species as attacking insects (Coleoptera). 

The geographical distribution of ticks is world-wide, 
but they are most numerous in warm countries, where 
they naturally find the conditions of temperature and 
moisture which are most favourable to their metamorphoses 
on or near the surface of the ground. The influence of 
low temperatures and desiccation in retarding, or completely 
checking, the developement of ticks from the egg to the 
larval and subsequent stages, has been already demonstrated 
in the laboratory. Ticks follow the lines of travel of their 
hosts. Some ticks attack a variety of hosts, whilst others 
appear to be more selective in this respect, and to be more 
limited in their geographical distribution. 

The structure of ticks shows evidence of adaptation to 
a life of parasitism. The legs terminate in sharp claws and 
pads (the latter absent in Argasinae), with which they cling 
with wonderful tenacity to passing objects and animals. 
The pulvillum or pad permits even the ponderous gorged 
female tick to climb up vertical glass surfaces. The 
rostrum, with its beautiful structure, serves as a boring 
organ ; the recurved teeth of the hypostome and the sharp 
denticles of the mandibles affording the tick a firm hold in 
the skin of its host, to which it may remain attached for a 
brief period (Argas), or for days. 

Commencing: with the egg, which is laid in recesses in the 
ground, the tick begins its chequered career, together with 
hundreds or, indeed, thousands of its fellows laid by its 
fertile mother. The period of metamorphosis, which ends 
in the hatching of the six-legged larva from the egg, is 
much influenced by temperature, being prolonged for months 
in cold weather. The larva creeps out, and, its chitin 
having hardened, it crawls upon the surrounding vegetation, 
there to play a wonderful game of patience, which may last 
for^ weeks or months, until it is disturbed into amazing 
activity by some passing animal, to which it promptly clings 
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as it brushes by through the tick-infested grass or shrub- 
bery. The larva now seeks a suitable place upon the skin of 
its host, and in a few minutes may be seen boring its 
rostrum into the skin, and soon after it begins to suck the 
blood of its host. In some ticks, the larvae having gorged, 
drop off upon the ground, there to undergo their metamor- 
phosis into eight-legged nymphs, which in turn attack a 
fresh host in the manner described for the larvae. This is 
the case, for instance, in Haemaphysalis leachi, which 
transmits canine piroplasmosis. In other ticks, the meta- 
morphosis from larva to nymph may take place upon the 
host ; this, for example, being the case with Rhipicephalu8 
annulattua, which carries Texas fever. The nymph having 
gorged, may or may not drop off to undergo its meta- 
morphosis upon the ground, emerging as a sexually mature 
tick. In the dog-tick just mentioned, then, the larva, 
nymph, and adult each drop off in turn when gorged, so that 
a single tick, to reach maturity, may be obliged to find and 
attack three different hosts. In view of the great loss 
of life this must entail in the ticks which fail to find 
a host, even after months of waiting, we can readily under- 
stand why a parent tick lays several thousand eggs. 
Starting with as many larvae as there were eggs, it is 
certain in many cases that but few individuals survive 
to the adult stage, owing to the many vicissitudes to which 
they may be exposed. 

The Effects of Tick Bites. 

In a paper published in 1899, I described some of the 
effects of tick bites, and the accidents which may follow the 
attacks of various species of ticks on man and animals. 
Where an animal is attacked by large numbers of ticks, the 
cutaneous irritation and the loss of blood undoubtedly cause 
considerable injury. The seat of the bite is inflamed, and 
may serve as a point of entrance for infective agents. 
When ticks ^re forcibly removed, the rostrum may remain 
anchored in the skin and lead to serious consequences, which 
appear in some cases to depend upon infection from 
without ; in others, possibly upon the toxic action of the 
embedded rostrum, with its attached soft structures. In 
other cases, toxic local or general effects have followed 
tick bites in a very brief period of time, suggesting the 
injection on the part of the tick of some poisonous substance 
into the wound. Some have attributed these effects to 
a toxic saliva, but it appears to me possibly due to disgorged 
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food residue. In any case, experimental investigation is 
needed to explain the cause of these effects. Cases are' 
recorded in the literature of ticks boring themselves com* 
pletely beneath the skin, and, in some instances, giving rise 
to the formation of abscesses, etc. ; these seem to be excep- 
tional occurrences. 

Ticks as Disease Carriers. 

There are several classes of diseases which are known at 
present to be transmitted by ticks. The diseases, which 
may be conveniently grouped under the class Piroplasmosis, 
being named according to the genus of parasites whi*ch 
cause them, affect a number of Mammalia, the protozoal 
parasites being apparently peculiar to each species of host. 
A disease of the domesticated fowl, analogous to relapsing 
fever in man, and likewise due to a spirochaete, has been 
proved to be transmitted through the agency of a tick. 
Heart water, a disease affecting sheep and goats in South 
Africa, has also been communicated to these ungulates 
through the agency of infected ticks. In all these cases we 
have clear experimental evidence to go on. 

The part played by the notorious Argas persicus in rela- 
tion to a fever which occurs in Persia, and has long been 
attributed to the bite of this species of tick, also the grave 
effects attributed in Africa to the bites of Ornithodoros 
savignyi (Audouin), still require investigation. In both 
instances these ticks attack man. Further evidence is 
required with regard to the supposed part played by 
Bermacentor andersoni (Stiles, 1904) in the transmission 
of the disease known as Tick Fever of the Rocky Mountains. 
Reasoning by analogy, it is highly probable that species of 
tick will be found in the future to be the carriers of different 
species of Piroplasma. The discoveries in connection with 
the fowl disease above referred to are highly suggestive in 
their bearing upon the probable mode of transmission of 
relapsing fever to man. Although " louping ill" of sheep has 
been attributed to the consequences of the attacks of ticks, 
no positive evidence, worthy of serious consideration, has 
as yet been gathered in this respect. 

In the Table on following page I have briefly summarised 
certain facts regarding tick-transmitted diseases. 

When we come to consider the stage in its development 
at which a tick may transmit parasites, we find that this 
varies according to the species of parasite and species of 
tick concerned. In the diseases due to Piroplasmata, the 
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mother tick, having gorged on infected blood, drops to the 
ground in the usual manner, and in due course lays her 
eggs. These eggs are infected, and from them issue infected 



Name of the 
Disease. 



Texas Fever, or 
Redwater 



Rhodesian Fever 



Carceag 

Canine Piro- 
plasmosis 



Piroplasmosis . 



Piroplasmosis . 



Rocky Mountain 
Fever: Piro- 
plasmosis ? 

Heartwater . . . 



Spiroch83te Dis- 
ease of Mar- 
choux & Sa- 
limbeni 



Animal 
Affected. 



Cattle 



Cattle 

Sheep 
Dog 



Horse, Don-- 
key, Mule 



Monkey ... 



Man 



Goat, Sheep 



Fowl 



Qeographical 
Distribution. 



Tick 
Concerned. 



N. andS. Ame-j Rhip. annula- 

rica j tus 

Africa, Queens- Rhip. australis 

land 
Asia, Europe . 



Africa 

Europe 
S. Africa 
Europe 

S. Africa 

Madagascar ... 
Venezuela . . . 
Germany, Italy 

Uganda 
WestemU.S.A. 

S. Africa 

Brazil 



Ixodes redu- 
vius ? 

Rhip. appendi- 
culatuB 

Rhip. bursa ... 

Haemaphysalis 

leachi 
Ixodes redu- 

vius ? 
Dermacentor 

reticulatus 






Dermacentor 
andersoni i 



Amblyomma 
hebraeum 
(Koch) 

Argas minia- 
tus 



Parasite 
Transmitted. 



Piroplasma 
bigeminum 



a 



>i 



Piroplasma 
parvum 

Piroplasma 

ovis 
Piroplasma 

canis 



Piroplasma 
equi 



I) 



Piroplasma 
nov. spec' 



Unknown 



Spirochaete 
Marchouxi 



* Unpublished. See Paper by Philip Ross in forthcoming Number 
(January, 1905) of Journal of Hygiene, 

larvae ; but these do not necessarily convey the parasite in 
their larval stage of existence ; for instance, in the case of: — 

Rhipicephdus anntdatus (Say) and Rhip. australis (Fuller). The larval 
tick is able to transmit piroplasmosis to cattle. 

Rhipicephalus bursa (Canestrini and Fanzago). Larva and nymph innocu- 
ous, adult infective to sheep, to which it communicates piroplasmosis. 
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ffaemaphyKolis leachi (Audouin). Larva and nymph innocuous, adult in- 
fective to dogs, to which it communicates piroplasmosis. 

On the other hand, according to experiments cited by 
Theiler (1904), and work by Lounsbury : — 

Jihipicepkalus appendiciUaiua (Neumann). Fed as a nymph on cattle 
suffering from Rhodesian Fever, communicates the disease as an 
adult tick. If infected as a larva, it is infective as a nymph. 

Again, in the case of AmblyomTna hebraeum (Koch), 
which conveys the unknown parasite, which is the cause of 
Heart water, Lounsbury (1900) states, that when the tick is 
fed upon an infected animal in the nymph stage, it com- 
municates the disease as an adult. Or when fed in the 
larval stage, it proves infective as a nymph. In other 
words, as Mr. Lounsbury informs me, both in the case of 
Heartwater and Rhodesian Fever, the parasites are con- 
veyed by the ticks — as he expresses it — " stage by stage." 
Nothing is known regarding the life-history of the parasites 
above mentioned within the bodies of the ticks. 

On the other hand, in the case of the spirochaetes of the 
fowl, these protozoa appear to multiply in Argas rriiniatus. 
When in Paris some months since, Dr. Borrel, of the 
Pasteur Institute, informed me that the spirochaetes, after 
entering the stomach of the tick, together with the blood 
from the diseased bird, wander out through the stomach 
wall of the tick, and are found swimming about in the tick's 
blood ; in a similar manner to what they do in the blood of the 
vertebrate host. The Argas does not become infected, and 
consequently infective, subsequent to feeding on spirochsete 
containing blood, unless it is maintained at a suitable 
temperature, say of 30 deg. C. As Dr. Borrel showed me 
in Paris, it is easy enough to demonstrate if a tick is in- 
fected or not. This is accomplished by snipping off the 
extremity of one of its legs, and examining the drop of 
blood which escapes for spirochaetes. 

Persistence of the Parasites in Ticks. 

Once infected, Argas miniatus is capable of harbouring 
the parasite for a considerable length of time, and conse- 
quently of communicating the disease to a healthy fowl 
five or more months after it has ingested spirochaete 
containing blood. The mechanism whereby the spirochaete 
issues from these ticks into the vertebrate host is as yet 
unknown. 

Observations on ticks harbouring Piroplasmata show 
that the latter may persist for months in the tick. 
For instance, in Haemaphysalis leachi, the Piroplasma 

N. S. — VOL. XXIV. c 
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canis continues not only to live through all the stages of 
development of the tick from egg to adult, as Lounsbury 
showed — and this may be for many months — but it persistis 
a long time in the adult tick. Working in Cambridge with 
adult ticks sent me by Mr. Lounsbury, I found them still 
capable of setting up a fatal infection in a dog, after they 
had been kept unfed, as adults for a period of seven months 
at room-temperature. As a number of these adult ticks 
died during these months, and the survivors proved 
infective, it is reasonable to conclude that the Piroplasma 
only died with the tick. Red water can be communicated 
by larval ticks which have starved for months. 

Incubative Period. 

In all the above tick-transmitted diseases, the attack of 
the tick is succeeded by a period of incubation of several 
days. Experiments made in the laboratory with infected 
ticks have shown results comparable to those observed in 
nature. They are, however, necessarily more accurate. 



Disease, 


Incubation 
in Days. 


Observer. 

* 


Texas Fever 


10 


Smith and Kilborne (1893). 


Rhodesiau Fever 


8 


Theiler (1904). 


Tristeza 


12 to 28 


Ligni^res (1900). 


Sheep piroplasmosis 


5 to 6 


Motas (1904), fever and parasites 
on tenth day. 


Canine piroplaHinosis 


13 to 21 


Lounsbury and Nuttall (1901 to 
1904). 


Heartwater 


11 to 35 


Lounsbury (1900). 


Fowl Spirochsete Disease . 


4 to 7 


Marchoux and Salimbeni (1903). 



The Piroplasmoses. 

The diseases affecting cattle, sheep, deer, eq nines, dogs, 
and apparently monkeys, and possibly man, are grouped 
together as piroplasmoses, for the reason that they are 
caused by parasites, which at present are classed under the 
genus Piroplasma. The Piroplasmata are Protozoa, and, as 
thei'r generic name implies, resemble each other morpho- 
logically in that they are pear-shaped, micro-organisms, 
occurring singly or in pairs, or more or less even-numbered 
groups of four to sixteen individuals within the infected 
animals' red blood corpuscles. Besides the typical pear- 
shaped organisms, spherical forms may be encountered, 
which resemble young forms of human malarial parasites. 
Working with Piroplasma canin in Cambridge, Dr. Graham- 
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Smith and I have observed large sausage-shaped extra- 
cellular parasites occasionally. These forms offer a certain 
resemblance to our malarial crescents, and it appears likely 
to me that they represent gametes. These forms have not 
as yet been described. The intracorpuscular piroplasmata, 
at certain stages of their development, apparently before 
they take the pear shape, may show active amoeboid motion. 
Stained by modifications of the Romanowsky method, the 
protoplasm stains blue, the nucleus red. The protoplasm 
may show vacuolisation. In extravascular blood, Ligniferes 
described the occurrence of flagellate bodies in bovine 
piroplasmosis, "la Tristeza," of South America. Bowhill 
has since observed similar bodies in connection with other 
species of piroplasmata, and has been the first to photo- 
graph them. The significance of these bodies requires 
explanation, although from what we know of human 
malarial parasites, it seems tempting to make comparisons. 

The parasites which occur in the horse and in Rhodesian 
fever appear to me possibly different to the others. 
Injection of large quantities of blood containing these 
parasites into susceptible animals appears, as a rule, to be 
without effect. The parasite of Rhodesian fever behaves 
differently with regard to ticks than do the others. The 
parasite is, moreover, different in its morphology, as we shall 
presently see. With the exception, then, of the equine and 
the Rhodesian-fever parasites, and the parasites affecting 
the deer, man, and monkey, about which we want more 
knowledge, we find that infection is readily set up by 
inoculation of blood containing the piroplasmata, affecting 
cattle, sheep, and dogs in different parts of the world. 

If we, moreover, compare the last-named diseases with 
regard to their symptomatology and pathology, we are 
at once struck by their great similarity. In all we have the 
disease ushered in by fever, often preceded by the appear- 
ance of the piroplasmata in the blood. There is a great 
destruction usually of red-blood corpuscles, and the serum 
is tinged with haemoglobin, which finds its way into the 
urine. Hsemoglobinuria is a usual, but not invariable, 
symptom. This also holds for the icterus. The animals 
show loss of appetite, prostration, accelerated breathing ; 
the mucous membranes are pale ; emaciation is especially 
marked in chronic cases. A fall of temperature far below 
normal precedes death. At autopsy the blood is found to be 
thin and watery, the serum tinged with haemoglobin ; the 
spleen and liver are often much enlarged and congested, 
etc. The gross pathological lesions in the organs may, how- 

c2 
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ever, be very slight. The blood count may show a reduction 
in the number of red-blood corpuscles to one-third, or 
less than the normal. 

Immunity follows recovery ; but the term immunity 
must be understood in a relative sense only, for the reason 
that the parasites, although not demonstrable micro- 
scopically, may persist for a long time in the blood of 
animals which have outwardly everyappearance of health. 
That the parasites are present in recovered animals can be 
demonstrated by inoculation of their blood into susceptible 
animals. In this manner, Schroeder, in the United States, 
was able to demonstrate that the parasites of Texas fever 
persisted in the blood of recovered animals, so-called 
immune animals, for six to eight years. In other words, the 
condition is one of latent infection. That this is the case 
has also been shown in Turkev, South Africa, and the 
Transcaucasus, where attacks of Rinderpest have been seen 
to lead to a recrudescence of the piroplasmosis in animals 
known to be " immune " to Redwater. Similarly, exposure 
to cold, fatigue, or other inimical conditions may lead to a 
recrudescence of the disease after long intervals of apparent 
health. Quite recently it has been observed in the Philip- 
pines, by Jobhling and Woolley (1904) that apparently 
healthy cattle, imported from (^hina, harboured piroplas- 
mata, for inoculations with their blood into healthy cattle 
imported from the northern United States resulted in the 
latter developing piroplasmosis. Similarly, in canine piro- 
plasmosis, Robertson (1902) has found the blood of dogs 
mfective up to four and a-half months after recovery. The 
significance of this persistence of the parasites will be the 
more appreciated when I add that the " recovered " animals 
may serve as fresh centres of infection of the ordinary 
carrying agent of the disease, the tick, and this for an 
indefinite time. 

Epidemiology of the Piroplasmoses. 

It has been observed in connection with Redwater, canine 
piroplasmosis, etc., that the disease is one of locality. 
Cattle are prone to acquire the disease in certain low-lying 
pasture lands, the dangerous area being at times quite 
clearly marked by the fence which limits a given field. 
Stabled cattle escape the disease. Dogs which are taken out 
hunting in certain districts acquire the disease, whilst those 
kept in town escape. The piroplasmoses occur especially 
in the spring and summer, this corresponding to the period 
when ticks are found upon their hosts. Animals indi- 
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genous to the soil are relatively resistant, this being doubt- 
less due to their having grown up continuously infected 
from youth. The behaviour of the piroplasmoses in this 
respect reminds us of what has been observed in human 
malaria. Calves are more resistant than adult animals ; in 
fact, as age advances, cattle appear to become more suscep- 
tible, for the disease is frequently observed in old cows 
living in endemic areas. In the case of the canine malady, 
on the other hand, the disease is more fatal to puppies than 
to adult dogs. 

The influence of locality, season, etc., on the prevalence 
of these diseases is readily understood when we consider 
the biology of the ticks which carry the infectious agents. 

Rhodesian Fever of Cattle. 

The bovine piroplasmosis known as Rhodesian or East 
Coast Fever of South Africa is possibly identical with the 
" tropical piroplasmosis" of cattle observed in Transcaucasia 
this year by Dschunkowsky and Luhs. The parasites 
differ from those encountered in Texas fever or Redwater, 
and the pathology of the disease is not the same. Cattle 
immune to Texas fever are susceptible to Rhodesian fever. 
The parasites of Rhodesian fever are smaller than those 
described in Redwater, and Theiler (1904) considers them a 
different species, to which he gives the name of Piroplasma 
parw/m. Whereas Redwater is readily communicated to 
healthy animals by inoculation with blood containing 
P. bigeminv/m, corresponding experiments with blood con- 
taining P. parvum have proved negative, even when 
injections of huge quantities of infected blood were 
practised (Theiler, Dschunkowsky and Luhs). These facts 
alone indicate that we are dealing with distinct diseases 
which are set up by different parasites. It is, moreover, 
highly probable that what we call P. bigeminuTn to-day is 
actually a collective term for several parasites belonging to 
different species. The determination of these species may 
not be possible on morphological grounds alone ; we have 
to call in aid the species of tick which transmit them, as 
also the test of immunity in animals. It is not at all 
impossible, it appears to me, that a similar view will have 
to be held in the future with regard to human malarial 
parasites, which have hitherto been regarded as single 
species. 

Returning to P. parvum (Theiler), I would state that it 
occurs in spherical, bacillary, and intermediate forms, and 
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that it reacts like the other species of Piroplasma to 
Romanowsky's stain. The disease is especially fatal ; 
Koch (1904), for instance, stating that the loss in infected 
herds commonly amounts to 90 per cent. 

Mixed Infections. 

As Theiler points out, mixed infections with P. bige- 
minum and P. parvv/m may occur, a fact which has 
certainly led to both species having formerly been con- 
sidered one by Koch and Laveran. There is further reason 
for such confusion in the statement made by Theiler that 
the inoculation of P. bigerainum, contained in the blood of 
recovered cattle, into calves, gives rise to the appearance in 
tlieir blood of parasites resembling P.parvum, alongside of 
the typical P. bigeminum. Moreover, the latter parasites 
in the blood of salted cattle resemble P.parvum. This 
peculiar appearance of P. bigeminum would seem to depend 
upon inimical conditions operative in the bodies of salted 
animals. 

I have already referred to the co-existence of Rinderpest 
and Piroplasmosis in cattle. Animals may harbour Try- 
panosomata and Piroplasmata, or the latter and Spiro- 
chastes. Similarly in horses, we may find mixed infections. 
Thus, in a specimen of blood recently photographed by 
Mr. T. Bowhill, at the Cape, a picture of which I shall 
project upon the screen, you will see Piropldsma equi 
present, together with embryo Filarias, imd this in a horse 
that died of horse-sickness ! It will be readily understood 
how confusing such observations are, and how easily 
an investigator may fall into error regarding the actual 
cause of a disease. 

SpiRocHiETE Disease of Fowls. 

The disease of fowls observed by Marchoux and Salim- 
beni (1903) in Brazil, and which they succeeded in trans- 
mitting by means of infected Argas miniatuSf is one of 
considerable theoretical importance. The disea,se is usually 
very fatal and acute. The affected birds suffer from diar- 
rhoea, anorexia, somnolence ; the comb is pale, the birds lie 
down and die in convulsions. The disease maybe subacute, 
lasting eight to fifteen days, during which the bird becomes 
emaciated, and paralysis appearing first in the legs, extends 
to the wings. Recovery is rare, either in the acute or 
chronic form. Fever appears at the onset, and lasts four to 
five days (42-43 deg. Cent.), then it falls to below normal 
before death. When recovery takes place, the temperature 
gradually returns to normal. 
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At autopsy, in acute cases, the liver is found greatly 
enlarged, fatty, and showing focal necroses. The other 
organs appear normal. The blood is claret-coloured and 
fluid. In chronic cases all the organs, even the liver and 
spleen, appear atrophied. 

The spirochaetes multiply up to the death of the animal, 
finally occurring in agglomerations and in great numbers 
in the blood. Corresponding with the crisis which ushers 
in the commencement of recovery the parasites disappear, 
owing to causes apparently similar to those which operate 
in relapsing fever in man. The spirochaetes resemble 
Sp. obermeieri, and little is known about them. Their 
position amongst the Protozoa is as yet undetermined. 
Suggestive in this connection is the recent work of Schau- 
dinn (1904), who has described a spirochaate-like stage 
developing out of a Trypanosoma, which represents in turn 
a stage in the life-history of an endoglobular parasite of 
birds, the Halteridium. 

Contrary to what has been observed hitherto in the 
Piroplasmoses, the spirochaetes appear to be less selective 
with regard to the species of host. For instance, human 
relapsing fever has been communicated to monkeys (Cer- 
copithecidae) ; and the avian spirochaetes here referred to 
possesses a fairly-wide range of pathogenicity amongst 
birds other than fowls. Thus, Marchoux and Salimbeni, 
and Levaditi (1904) more recently, have been able to infect 
the goose, duck, turtle-dove, pigeon, sparrow, lark, etc., with 
the new spirochaete ; I say " new," for the reason that it 
appears to be different, in pathogenicity at any rate, from 
Sp. dnserini of Sakharow. Nevertheless, this apparent 
wider range of pathogenicity amongst birds may receive a 
partial explanation in the fact that birds belong to a group 
of relatively closely-related vertebrates. 

Contrary, again, to what has been observed in Piroplas- 
mosis, there is no evidence that the spirochaetes persist in 
the body after recovery ; moreover, the immunity acquired 
after an attack is but of brief duration. 

Immunisation. 

The subject of artifically-induced immunity has naturally 
engaged the attention of many workers, more especially 
with regard to the piroplasmoses of cattle, dogs, and sheep. 
It was already observed by Smith and Kilborne (1893), with 
regard to Texas fever, that recovered animals remain pro- 
tected in a large measure in succeeding years, and that 
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animals which have suffered from the disease when young 
appear to remain protected longest. They found that 
animals inoculated with Texas fever blood in winter ac- 
quired a milder form of the disease, and remained protected. 
Since then an extensive experience has been gained in 
different parts of the world, cattle receiving inoculations of 
blood from animals suffering from mild Red water, or the 
blood of "salted" cattle (preferably calves), being used for 
preventive inoculation. The loss from these inoculations 
may vary from 3 to 25 per cent.; but this is small compared 
to, perhaps, the complete wiping-out of unprotected herds in 
which the disease may appear. Whereas this mode of 
preventive treatment seems justified in regions where the 
disease is endemic ; it seems scarcely justified otherwise, in 
view of the fact that "salted" animals are a source of 
danger for years, wherever they go if accompanied by 
suitable ticks, which can convey the parasite to healthy 
animals. 

In the case of Rhodesian fever, immunity has not been 
produced artificially with success of a practical character. 
Koch (1904) recommended repeated inoculations with 
recovered blood; but experiments conducted on a scale 
of 5000 animals have been deemed sufficient evidence 
of the method being a failure by the veterinary authorities 
in South Africa (Gray, VII., 1904 ; Theiler, XL, 1904). 

Finally, treatment with the serum of immune animals 
cannot be said to have afforded results promising to have 
any practical value. Nevertheless, it may be noted that 
Nocard and Motas considered that inoculations with the 
serum of hyper-immunised animals afforded protection 
in canine piroplasmosis. More recently, Motas (1904) 
has carried out corresponding experiments with sheep 
piroplasmosis ; but here again the results do not seem 
promising from a practical standpoint. It is impossible 
here to enter more fully into the problems relating to 
immunity in these diseases. 

It would lead me too far afield to fully discuss the 
work that has been done on immunity in connection 
with spirochaete infections. Confining myself to the 
spirochaete disease of fowls referred to previously, I would 
state that Marchoux and Salimbeni report that infected 
serum heated five minutes at 55 deg. C, or infected serum 
kept two to four days at room-temperature, is not infective 
but protective. Fowls immunified therewith yield a pro- 
tective serum. They also protected animals by inoculating 
them with a mixture of immune serum and blood containing 
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virulent spirochsetes. Immune serum proved of no value 
therapeutically. Levaditi has, however, claimed since, that 
immune serum may hasten the crisis. Immune serum 
agglutinates and immobilises the spirochaetes. 

Prophylaxis. 

Apart from necessary attempts to produce immunity in 
animals exposed to infection, there are several measures of 
prevention which have been recommended and actually 
resorted to in connection with piroplasmosis of cattle. 
Morgan (1898) advises that infected pastures shall not be 
used for grazing cattle on for a year. He gave this advice 
for the reason that cattle placed on such a field after it had 
been used for pasturing horses and mules for two years, 
did not develop the Texas fever. Ligni^res (1900), from 
his South American experience, recommends the sowing of 
clover on pastures. It appears possible that the changed 
vegetation may exert an influence, and the experiment is 
worthy of trial in suitable cases. The fencing-in and 
drainage of infected land has caused the disease to disappear 
in parts of Finland. Quarantine measures have been 
extensively adopted in the United States, in view of long 
experience proving that cattle driven northward from the 
endemic areas carried the infection with them. The disuse 
of fields, as recommended by Morgan, has an obvious 
scientific basis, for the ticks will die out in the absence of 
suitable hosts ; or if they survive by attaching themselves 
to other hosts, they will, with time, cease to harbour the 
parasite they transmit. Destruction of ticks by burning of 
the grass on infected pastures in the autumn has also been 
advocated. Finally, dipping cattle has been resorted to on 
an extensive scale. In the latter case the cattle are driven 
through tanks, in which they may be obliged to swim in a 
bath containing constituents such as mineral oil, glycerine, 
sulphur, arsenic, etc. The process may have to be repeated 
several times. Unfortunately, the dip has its disadvantages ; 
a certain number of animals are injured, and ticks adhering 
about the head are not aflfected. Nevertheless dips neces- 
sarily serve a useful purpose in lowering the number of 
ticks on animals. 

Note Regarding the Geographical Distribution 

OF the Piroplasmoses. 

I have attempted, in the accompanying map, to give a 
general idea of the wide distribution of the piroplasmoses ii> 
difterent parts of the world. Most of the blackened areas 
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refer to bovine piroplasmoses. The distribution of the 
forms of piroplasmosis affecting different animals, exclusive 
of countries where diseases having similar symptoms occur, 
is about as follows : — 

Bovine piroplasmosis (Redwater, Texas fever) occurs in 
the United States, West Indies, Southern Venezuela, 
Uruguay, Paraguay, Brazil, Queensland, various parts of 
Africa and Europe, India, China, the Philippines. 

Rhodesian fever occurs in Rhodesia and the South-East 
Coast regions of Africa ; apparently also in Transcaucasus. 

Ovine piroplasmosis occurs in Roumania, Italy, France, 
West Indies, the United States, South Africa. 

Equine piroplasmosis occurs in South Africa, Mada- 
gascar, Germany, Venezuela. 

Canine piroplasmosis occurs in Italy, France, North and 
South Africa, India. 



Discussion on Dr. Nuitall's Paper. 

Sir Patrick Manson : I have no doubt, gentlemen, that 
you will concur with me in expressing an appreciation of 
the exceedingly interesting, and, I might say, important 
paper which we have listened to, and the beautiful de- 
monstration that Dr. Nuttall has given us. 

Before I was invited to occupy the dignified position of 
presiding on this occasion, I was asked to open a discussion 
on Dr. Nuttall's paper. I suppose the fact of my pro- 
motion will not invalidate that arrangement : at any rate, 
I shall assume it does not. 

There are many points in Dr. Nuttall's paper that 
suggest discussion, more particularly, to my mind, the 
bearing of the facts he has adduced on human patho- 
logy. I have noted a few points, and although I will 
not venture to discuss them ail, there are one or two that 
I should like to mention. What struck me first was that 
the symptoms of piroplasmosis are exceedingly like those 
of that most important disease affecting man in hot 
climates, viz., blackwater fever. The occurrence of haemo- 
globinuria and icterus, which are almost characteristic of 
piroplasmic diseases, are also the two most characteristic 
and important symptoms in blackwater fever. This is 
usually put down as a malarial disease, and there is a good 
deal of evidence in favour of such a supposition. But 
there is also a certain body of evidence tending to show 
that, even though it be malarial, this infection is not the 
only cause, or rather ia not the entire cause of blackwater 
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fever : it may be a determining cause of the explosion 
and manifestation of the disease, but it is not the essential 
mierobic cause of the malady. 

Dr. Nuttall mentioned just now the fact (now generally 
recognised) that animals infected with piroplasma, yet 
apparently immune from symptoms, can be induced to 
manifest the characteristic pathological effects of piro- 
plasma infection by inoculation with some other micro- 
organism, by exposure to cold, or by any other similar 
strain upon the physical powers. Exactly the same thing 
has been noticed in the case of blackwater fever, suggesting 
the hypothesis that this, too, is a tick infection which for 
a long time remains latent, until some intercurrent circum- 
stance, such as a malarial attack, an overdose of quinine or 
exposure to cold, sets the latent parasite off, so to speak, 
on its pathogenic course. That idea has long been present to 
my mind, and Dr. Nuttall's remarks have accentuated it. 

An excellent object of investigation, then, would be the 
hypothetical piroplasma of blackwater fever and the tick, or 
whatever intermediary it may be, that transmits the disease. 

I was rather disappointed in one part of Dr. Nuttall's 
paper : I had hoped that he would give us some information 
about a curious disease that they get along the course of the 
Zambesi, and which is certainly produced by a tick, known 
as the Garrapato disease, and was first noticed by Dr. Living- 
stone ; but it has since then been observed by many others 
— Sir John Kirk and Dr. Daniels, for example. 

Looking over some papers, two or three days ago, I came 
across a letter from one of my old students. Dr. A. Park 
Ross, at the School of Tropical Medicine, who has recently 
gone out on a Boundary Commission to the Zambesi region. 
When I heard that he was going there, I requested him to 
make some enquiries on this particular subject — Garrapato 
disease. This is his letter ; it is of so- much importance 
that I take the liberty of reading it. 

** River Loangwa, Lat. 15" 5', 26th August, 1904." 
* * I ought to tell you that opportunities of doing medical or scientific 
work here have been few, and the following is as far as I have got 
with the Kufu disease (Kufu is the native name for Garrapato). Tlie 
latter is not nearly so common as I was led to expect at Tete, and the 
reasons for the belief in its almost universal prevalence in this country 
are —first : that Kufu (that is, the tick) occurs in almost every dirty 
village (and these are many) ; and, secondly : that the natives ascribe 
almost every serious disease to it, in consequence of which I have had 
several wild-goose chases after it. 

"The following clinical description of the disease, is taken from the 
statements of four exceptionally intelligent natives, each from a 
difibrent part of the country, and each of whom has had the disease. 
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All their statements tallied. I required no interpreter, and took care 
to ask no leading questions. 

"The disease extends from Angoni Land westwards, at least as far 
as the confines of North-western Rhodesia. It shows no preference 
for high or low ground, as it occurs in the Tanganyika Plateau, 5000 ft. 
above sea level, and on this river 1000 ft. : it occurs also at Tete, 340 ft. 
above sea level. It occurs during the rains, December to March ; but is 
much more prevalent during the dry season. I could elicit no informa- 
tion as to its occurrence in epidemic form. Cases occur sometimes 
among the Kufu-infected villages, but the great majority occur in 
strangers sleeping in such villages, whose own villages are not infected. 
On the other hand, many of the villages infected with Kufu do not 
report the sickness, and the natives invariably say that sometimes bites 
produce sickness and sometimes not. It is impossible to get at the 
infant mortality in such a village, and the information as to whether 
Kufu is a factor would be unreliable if derived from any other source 
than a European doctor. Curiously, the idea was suggested by a native 
that a universal infection in childhood in such villages was the cause 
of the relative immunity of adults. Natives living always in infected 
villages do not consider themselves likely to acquire the disease, 
whereas natives whose own villages are not infected are very careful 
as to sleeping at huts in an infected village. 

*'The Kufu inhabits the dry earth in native huts, and can be found 
during the day about two inches below the ground, generally close to a 
hut-post or bed-post. It does not bite during the day, or where there 
is light (as I have proved myself). 

**The following account was given by our interpreter, an intelligent 
man, who had had the disease, and it was corroborated by three of our 
personal servants, who also had had it. The bite produces irritation 
for two or three days, during which the patient otherwise feels well. On 
the third or fourth day fever begins : there may or may not be a rigor, 
but there is always violent headache and severe pain in the small of 
the back, and in the bones and joints generally. None of these boys 
admitted gastric pain, but one said he felt inclined to vomit. There is 
copious waterish diarrhoea, of a very dark colour, and the urine is also 
dark. (I would not like to pin my faith to the last statement, but three 
of the four were positive upon the point.) The pain in the back dis- 
appears when once the diarrhoea is established. This condition lasts 
for about two weeks, after which recovery is complete. I can elicit no 
history, and can see no signs of sequelae. One attack confers immunity. 
A pregnant woman may, and generally does, abort during an attack. 
The disease is much more severe in children and in old people. 

'* Now, as to what I have seen myself. I first got on the track of it 
at Misah, when it was reported at Fort Young, 25 miles distant ; but, 
on arriving there, I found the infected huts burned, and the natives 
could not, or would not, show me a case. At Fort Jameson, Dr. Cole 
showed me two cases sent in as Kufu, which were really suffering 
from another disease. 

**I have twice tried to inoculate myself, but each time without 
result. I got three ticks in a house in Fort Jameson, which natives 
said was recently infected. I fed them on blood, but only one would 
bite : the other two refused to bite, and died. At Fundas village there 
were Kufu in every house. None of the people were ill, but a stranger 
coming there two weeks before had the disease, and had been carried 
away to his own village, where I could not follow him. I took four 
active ticks from this house, and put tliem on my arm in order that 
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they might bite. I found that when exposed to the sun they would not 
do so, but began at once when a cloth was put on them. The pain 
of the bites was not very perceptible, and I should have doubted their 
activity had not each tick swelled up like a balloon. When collectively 
they had withdrawn about half a c.c. of blood, I separated them with 
tobacco smoke : the bites were indicated by purple patches due to ex- 
travasated blood under the skin, and enough blood to make a film 
exuded from one of them. I covered the bites with a soft bandage : 
there never was the slightest irritation, and in three days the blotches 
disappeared. In seven days a little pink papule appeared over each 
bite ; this lasted for several days and then disappeared. A foi*tnight 
has now passed, and I have never felt any symptoms of any kind. 

'*I was informed in Tete that, some years ago, tick fever was a 
serious deterrent to the slave trade. Dr. Livingstone's statement as 
to death occasionally occurring, I had corroborated by natives and in 
Tete ; bat the former allege that the disease is not so common as in 
the days of their forefathers. There are not so many villages burned 
for it. I have only seen two in some 4,600 square miles of country. 
An old man said it was not always in the country, and came from the 
north." 

This Garrapato disease is certainly a subject well worthy 
of investigation, and I hope that anyone who has an oppor- 
tunity of studying it will not fail to take advantage of it. 

One word before I close these observations. What struck 
me about Dr. NuttalFs paper — and, indeed, about the 
entire subject of tick diseases and protozoa diseases of man 
and the lower animals — is the enormous extent of the sub- 
ject and the rapid growth that it is undergoing. This 
fact we have recognised for some time at the London 
School of Tropical Medicine ; and with the view both of 
giving instruction to our students and of advancing the 
study of the subject, we have determined to institute two 
Chairs, one dealing with protozoa and another dealing with 
Helminths. We hope to still further advance the subject 
in that way, and prepare men who may be of value as 
investigators. This, I think, is a step in the proper 
direction ; but I think the subject is so extensive and 
important that the medical profession generally should 
recognise it more definitely, than they do at present. I 
think Chairs of, say, Medical Zoology and Medical Haemo- 
logy ought to be instituted in our great Universities, more 
particularly in the University of London. I think it would 
be a good thing if this Society could give expression to 
some idea of that sort. 

Dr. Theodore Thomson : It is very kind of you to call 
upon me, but my sole acquaintance with ticks has been a 
strictly personal one, and I regret to state has not been so 
painless and so little disturbing as that of your friend in 
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Africa. I have practically no knowledge as to ticks, and 
therefore I can say nothing about the subject. 

Dr. Bentley : I have had very little experience of tick- 
produced diseases. I have, however, met with two species 
of piroplasmosis in dogs in Assam, one of which showed a 
very small parasite, occurring sometimes in couples and 
sometimes in threes and fours in a corpuscle, apparently 
answering to the description usually given of the piro- 
plasmon in cattle. Another kind was much larger, about 
three /a in diameter. The first variety I mentioned I saw 
in an acute attack that took place in a dog that had been 
brought from England the previous year. This dog was 
brought to my bungalow by the man who owned it, and 
who had noticed that it was suffering from severe anaemia, 
and, apparently, symptoms of syncope. I took its tem- 
perature, and found that it was suffering from fever at 
the time : on making blood-films I found an enormous 
number of small parasites, which occupied nearly every one 
of the corpuscles. The dog died in three days ; it suffered 
a good deal, and showed signs of icterus and haemoglo- 
binuria. It struck me at the time that the symptoms of 
this case very much resembled those of blackwater fever 
which one sees described in text-books. That is all I can 
add to the discussion. 

Professor W. J. Simpson : I am afraid I cannot make 
any remarks on this interesting question, further than to 
say that it seems to me rather alarming that the inoculation 
should spread the disease rather than prevent it, especially 
in the case of this Rhodesian fever. It is quite evident 
that some other kind of treatment will be required ; and it 
would seem that it should rather be sought for in some- 
thing similar to the quinine which is used for malarial 
fever rather than in inoculation, which is so effectual in 
other diseases. 

I have listened with great pleasure and also with very 
great benefit to a most interesting lecture, and I thank 
Dr. Nuttall very much for it. 

Dr. G. C. Low : I have listened with much pleasure to 
Dr. Nuttall's paper. This subject is now becoming of much 
more importance, both from the animal point of view and 
from the human point of view also. We have seen an 
enormous destruction of cattle and other animals brought 
about by tick diseases : and we know that much valuable 
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work has been done in America in connection with this 
subject in recent years. 

I have heard recently from the principal medical officer 
of Natal, who tells me that tick diseases are killing off 
90 per cent, of the cattle in some parts of the country : it 
is manifest, therefore, that these diseases will do an enor- 
mous amount of damage to colonising in that district. It 
is of great importance that wo should know how the 
disease is spread, and, if possible, find some means to 
prevent it. 

Some of the observations which Dr. Nuttall has made 
are of extreme importance and interest. One that struck 
me as very remarkable was that ticks kept for several 
months retain the parasite, and are able, on biting dogs, to 
produce disease. That shows how difficult it may be to 
stamp out the disease, if ticks retain their life so long. 

With reference to Garrapato disease, 1 have recently had 
letters from a friend in Uganda, who has made some 
investigations as to that disease. He had six cases of it 
under observation ; and after a very careful and prolonged 
examination, he was able to demonstrate the presence of a 
spirillum in all the cases. He has put forward the idea 
that this disease may be a spirillum one, and that on very 
good grounds : and it is by no means improbable that this 
tick disease is also spread by argas. My friend is going on 
with the work, and he will no doubt make further observa- 
tions and experiments. The disease corresponds very 
closely to another disease, which comes after having slept 
in huts or houses in which ticks have been found. It is a 
fever, accompanied by intense pain and vomiting, and 
also by diarrhoea. After a few days the patient gets better, 
but there is often a relapse, with fresh attacks of fever. I 
think that h an exceedingly interesting observation, and 
one which will probably prove that the disease is really a 
spirillv/m disease. 

Another point of interest one might mention is with 
respect to the question of blackwater fever, viz., the won- 
derful and peculiar local distribution of this disease in 
certain places. When I was in Uganda, there was a town 
at the end of the lake where everyone had blackwater 
fever. I have also known a special hill, and anyone living 
on this hill was almost certain to get blackwater fever, 
whilst the district all round was free from it. When I 
went there, there was no blackwater fever, but one day 
two cases occurred on this hill again. In the light of 
what we have heard, we may say that probably the ticks 
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always infect this hill : that they do not bite for some 
time, but that eventually they do bite and spread the 
disease. 

There are plenty of ticks, of course, in Africa : it 
might even be this argas that has something to do with 
it, or some other tick. It is certainly a disease well 
worthy of further investigation, if one considers the vast 
mortality and loss of life due to this disease in Uganda 
and East Africa. It is spreading greatly, too, in Northern 
Nigeria. 

There are many points in regard to the internal anatomy, 
and in regard to the development and spread of piro- 
plasma through the tick, which still require working out. 
The anatomy is, as Dr. Nuttall has said, a very difficult 
subject, owing to the very strong integument which covers 
the insect. It is a subject that has apparently a large 
future before it, and we all look forward with great 
interest to future work on the tick question. 

Dr. Nuttall : There is very little to say in response to 
what has been said. Sir Patrick Manson's suggestion with 
regard to black water fever is extremely interesting and very 
suggestive. It may be that we are dealing with parasites 
that are ultra microscopic — but it needs investigation. 

With regard to Garrapato, I can only say that the ques- 
tion needs more investigation than has yet been given to 
it. I think that is where we stand at present with regard 
to all these things — they need more investigation. The 
subject of this disease is exceedingly suggestive, as also is 
this so-called disease due to argas, but we need more 
evidence — it is all very vague. 

What Dr. Low has said brings out still more strongly 
the need of investigating these diseases. Dr. Philip Ross 
is now doing some work in this direction. 

In answer to Professor Simpson, I may say that, unfor- 
tunately, quinine has no effect whatever, and at present 
nothing has been found that has any beneficial effect. A 
great many things have been tried, but nothing has been 
found to be of any use. 

As to the remarks of Dr. Bentley, I would say that his 
description tallies exactly with what we have observed. 
Just as in cattle diseases, so in the tick, we have different 
forms of piroplasma. 
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{Mead Friday ^ January 20th, 1905.) 

Nearly twenty-five years ago (7th April, 1880), I read a 
Paper before this Society entitled : " On some Statistical 
Indications of a Relationship between Scarlatina, Erysipelas, 
Puerperal Fever, and certain other Diseases."* Therein 
were published some of the results arrived at by comparing 
the curves expressing the fluctuations from year to year of 
the death-rates from a large number of assigned causes in 
England and Wales. 

My conclusions were in that Paper rather hinted at than 
dogmatically expressed. Those to which I would now ask 
your attention were as follows : — (I) "... the curves of 
Erysipelas and Puerperal Fever are practically identical . . 
I confess that I find it diflBcult to avoid the conclusion 
that they are both due to one poison. Though the Puerperal 
Fever curve has great points of resemblance to the Scar- 
latina curve, it is far more like that of Erysipelas. It is 
also extremely like that of ' Rheumatism, with disease of 
heart or pericardium,' so that we may infer some close 
relationship to Rheumatic Fever, a point that I must 
reserve for further investigation, but may merely remark 
that the Erysipelas curve is still more like the Rheumatism 
curve.-f- 

(2) " So far as I have been able to investigate the point, 
it does not appear that the heat of summer or the cold of 
winter varies aither in a direct or inverse relation to the 
fatality of these diseases.^ But when the amount of rain is 
examined from this point of view, it appears that there is 
some, kind of inverse relationship between the two. The 
same result is obtained whether the amount of the fall, or 
the number of days on which it falls, is considered, the 

* Studies in Statistics, London : Ed. Stanford, 1891, p. 310. 
t Ibid, p. 316. 

% " Fatality" here means " absolute number of deaths from," not " case 
mortality." 

N. S. — VOL. XXIV. D 
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connection being somewhat closer in the latter case. . . 
. . . This relationship is nearly as close as that which 
subsists between Diarrhoea and hot summers on the one 
hand, or Bronchitis and cold winters on the other/'* and it 
is strikingly suggestive. 

This Paper was reprinted in my Stvdies in Statistics, 
together with an appendix, dated August, 1890, which last 
to some extent brought the figures up to date, but was 
mainly written to confute a paper by the late Dr. Matthews 
Ji\in(iQXi in i\iQ Edinburgh Medical Journal of March, 1876 
(which I had not seen till after the reading of my first 
paper). Dr. Matthews Duncan sought to prove that Erysi- 
pelas and Puerperal Fever were not epidemic diseases. 
The source of Dr. Matthews Duncan's fallacy, as I con- 
sidered it to be, was that, by a strange fatality, he assumed 
rheumatism to be a typical non-epidemic disease, and then 
compared its statistics with those of Erysipelas and Puer- 
peral Fever ; whereas I was led to infer that Rheumatism 
was probably an epidemic disease from the remarkable 
resemblance of the three."f 

With a view to throwing further light upon the question, 
1 constructed for my book a more complicated diagram, 
containing curves of the three diseases for each of the 
eleven registration divisions into which England and 
Wales are divided, and in commenting on it, said :J *' If 
the diagram be looked at as a whole, or analysed in 
numerical detail, it will be found that the correspondences 
in nearly every case are far closer than mere coincidence 
would account for ; " and added : " As regards Erysipelas 
and Puerperal Fever, it must, I think, be admitted that a 
relationship which holds good in the several parts of the 
country, as well as in the entire area, cannot be for- 
tuitous." § 

In 1902, Dr. Galabin, in his Presidential Address to the 
Hunterian Society,! | applied himself to carrying on my 
methods for another twenty years, confirming my results 
in so remarkable a manner as to afibrd me much gratifica- 
tion. Unfortunately for me, Dr. Galabin has so completly 
taken the wind out of my sails that I feel much hesitation 
in troubling you with this paper to-night, and it is only 
the great importance of the subject that has led me to 
recur to it. Speaking of the curves showing the annual 
fluctuations of several diseases in England and Wales, 

* Studies in Statistics. London: Ed. Stanford 1891, p. 322. 

t Ibid, p. 324. t Ibid, p. 330. 

§ Ibid, p. 330. II Lcmcet, 1902, p. 1,671. 
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Dr. Galabin said : " As regards the curve of Erysipelas, its 
most marked feature is its close resemblance, almost 
amounting to identity, to the curve of Puerperal Fever." 
Again he says : " A still more remarkable proof of the 
close relation of Erysipelas to Puerperal Fever will be 
found in comparing the curves of weekly variations (in 
London) . . . Not only is the mean curve for ten years 
practically identical for the two diseases, but the same 
is true of the very complicated curve showing the weekly 
variations in 1893 (the year of maximum mortality from 
Puerperal Fever). . . .* This identity becomes even more 
striking if the curves are compared with the totally 
different curve of SepticaBmia and Pyaemia. This resem- 
blance of the curves confirms the evidence of bacteriology 
as to the close connection between Puerperal Fever and 
Erysipelas. I think, indeed, that the inference may be 
carried somewhat further, and that it may be concluded 
that a variety of Streptococcus, closely allied to that of 
Erysipelas, is more generally concerned in fatal Puerperal 
Fever than in other forms of Septicaemia and Pyaemia, and 
that the contagion of Erysipelas is more dangerous to the 
puerperal woman than that of any other septic disease 
other than Puerperal Fever itself." Dr. Galabin adds some 
very suggestive reflections, e.g.: "There is a further 
question whether a year in which Streptococci are unusually 
abundant or easily diffused may not increase the mortality 
of Scarlet Fever by causing septic complications ; and the 
same consideration would apply also to Rheumatic Fever." 
After commenting on the fact that during the last twenty 
years the curve of ** Rheumatic Fever, Rheumatism of 
heart" — corresponds less closely with that of Erysipelas than 
under the old classification, in the earlier period, did that 
of " Rheumatism of the heart, or pericardium." Dr. Galabin 
goes on to say : " The diminution of similarity produced 
by the addition of Rheumatic Fever seems an argument in 
favour of the view that fatal heart affection in Acute 
Rheumatism is often due to Streptococcic complications, and 
that thus. Rheumatism of the heart, is more closely allied to 
septic affections than Rheumatic Fever in general ."i* 

Dr. Richard Pritchard (Public Health, vol. 15, April, 
1903, p. 388) attaches great importance to the influence of 
ventilation on the type of disease, and insists that the 
conditions which produce malignancy are identical with 
those which conduce to an attack ; but he then, somewhat 
inconsistently, goes on to say : " It has been conclusively 

♦ La/ncet, p. 1,674. f Ibid., p. 1, 675. 

D2 
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established by Dr. Marie Raskin and others, that the cause 
of those complications which give rise to malignant attacks 
of scarlet fever, diphtheria, etc — such as lymphadenitis, 
abscess, otitis, purulent synovitis, broncho - pneumonia, 
pleurisy, pyaemia, and septicaemia — is secondary infection 
of StreptococctLS pyogemes. The same micro-organism is 
reputed to be the cause of hectic fever in phthisis." 

If such secondary infection really occurs, it would 
explain many things that were once obscure, and amongst 
them the general resemblance between the curves of 
mortality from the diseases now under consideration. 

I would here desire to call attention to the great change 
in medical opinion that has taken place since twenty-five 
years ago I ventured timidly to suggest that Rheumatic 
Fever was probably an epidemic disease. 

The text-books in my hands as a student, putting out of 
consideration older authors, such as Sir Thomas Watson 
and Trousseau, were F. T. Roberts' Handbook of Medicine, 
1873, and J. S. Bristowe*s Theory and Practice of MediciTie, 

1876. Neither of those works, nor my voluminous note^ 
of Charles Murchison's admirable Lectures, delivered in 

1877, gave any hint that Rheumatic Fever should be etiolo- 
gically classed with the other fevers. Indeed, Murchison 
went so far as to say: " The essential poison is not received 
from without.^' The causation, as then understood, was 
exposure to cold and wet, sudden chills, etc., while, at the 
same time, the presence of lactic acid in the blood was 
insisted on. 

Now turn to the teaching of to-day. Professor W. Osier, 
in his Principles and Practice of Medicine* defines Rheu- 
matic Fever as " an acute non-contagious fever, dependent 
upon an unknown infective agent," etc.; and without 
committing himself, reviews the evidence for regarding it 
as an acute infectious disease. Incidentally he quotes from 
Sir Wm. S. Church these words : " The curves of the mor- 
tality statistics . . . approximate very closely to those of 
pyaemia, puerperal fever, and erysipelas, diseases which are 
certainly associated with specific micro-organisms."f The 
last-named author, as I have unfortunately only recently 
learned, says : " The undoubted connection of Ulcerative 
Endocarditis — which, until recent years, was not recognised 
as distinct from simple rheumatic disease of the valves of 
the heart — with pyaemia and puerperal fever, throws some 
doubt on the correctness of the curves given by LongstafF, 

♦ Fifth Edition, 1904, p. 166. 
t Lwncetj p. 168. 
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from statistics which began nearly forty years ago."* I 
should be the last to endeavour to minimise the importance 
of diagnosis, and the uncertainty introduced into medical 
statistics by carelessness or ignorance in the certification of 
the cause of death. However, the quite valid reproach of 
antiquity is removed from the figures that I shall lay before 
you to-night : figures which deal, for the most part, with 
Rheumatic Fever directly. Moreover, I have ascertained 
from Dr. J. Tatham that, until the beginning of the present 
century, deaths assigned to Malignant or infective Endo- 
carditis were classed under Valvular disease, and so alto- 
gether apart from Rheumatism. It may be remarked in this 
connection, that in the two years, 1901 and 1902, the deaths 
assigned to "Rheumatic Fever, Acute Rheumatism" — 
were more than three times as numerous as those assigned 
to " Rheumatism of Heart," and more than five times as 
numerous as those assigned to " Infective Endocarditis." 
Assuming similar proportions to have prevailed for the last 
twenty years, and that the deaths assigned to Rheumatism 
of Heart had been in reality all due to Ulcerative Endo- 
carditis, they could only have influenced the resulting 
curve to the extent of 25 per cent, at the outside. But I 
doubt whether Sir Wm. S. Church would suggest that even 
a majority of these deaths were independent of Rheumatic 
Fever. Dr. J. Bumey Yeo, in his Manual of Med,ical 
Treatmenty 1903, says: "The disease known as Acute 
Rheumatism has been, by almost general consent, transferred 
to the class of acute infective diseases, and its probable 
microbic origin generally accepted." 

The admirably exhaustive Milroy Lecturesf of Dr. Arthur 
Newsholme must have had a not-inconsiderable share in 
bringing about this great change of opinion. Dr. News- 
holme established the infective character of Rheumatic 
Fever by a mass of statistics derived from many countries, 
dealing, moreover, with prevalence as well as fatality. He 
was impressed by its association with dry seasons, and 
particularly with low ground-water. He termed it essen- 
tially a soil disease, and therein compared it with malaria : 
pointing out, however, that while Ague was usually 
associated with a moist soil. Rheumatic Fever was most 
prevalent when the subsoil was dry. Will the progress of 
our knowledge deal with Acute Rheumatism as drastically 
as it has done with Ague ? 

* Clifford Allbutt's System of Medicine^ vol. iii, p. 3, 1897. 
f On the Natural History and Affinities of Rkewmatic Fever : A Study in 
Epidemiology,— ''lAncet" March 9th, 1895, p. 589. 
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Lastly, Dr. F. J. Poynton, writing in Chalmers Watson's 
Encyclopredia Medica, 1902 (vol. x, p. 382), of the exciting 
cause of Acute Rheumatism, puts the case even more 
strongly when he says : " This in any case may be asserted 
with confidence, that the excitant is a bacterial infection 
.... essentially a Diplococcua!* 

Now this is very much more than a matter of definition. 
To attribute a disease mainly to chills, consequent on 
exposure to wet, or change of temperature, if it really be 
due to another cause or causes, may do harm in many ways. 
All are agreed that chills are hurtful, and that we should 
on general principles do well to avoid them. But if such a 
deadly disorder as Rheumatic Fever, with its army of 
victims suffering from chronic valvular disease of the 
heart, be attributed to the wrong cause, we may, while 
taking all the precautions dictated by the old etiology, be 
inadvertently exposing ourselves to the true cause. More- 
over, therapeutics eufffer, and remedies that are truly eflSca- 
cious in mitigating the evil results of chills get far more 
credit than they deserve. This is an argument that 
obviously has an application far beyond the ailment under 
consideration. 

Before proceeding to discuss the diagrams which I have 
constructed, it is necessary to clearly describe the changes 
in the method of dealing with the various assigned causes 
of death, grouped together under the vague heading Rheu- 
matism, which were introduced by Dr. Ogle in 1881. 

Under the old classification in vogue up to that time, the 
main heading Rheumatism included all deaths assigned to : 

Rheumatic Fever. Acute Rheumatism. 

Rheumatism of Heart. Sub-acute Rheumatism. 

Rheumatic Arthritis. Rheumatism unspecified. 

This large group was in certain of the Tables subdivided 
by placing all deaths attributed to Rheumatic Fever, or to 
affections of the heart or pericardium directly associated 
with rheumatism (but not chronic valvular disease), into a 
sub-group named Rheumatism of Heart or Pericardium, 
the remainder forming the sub-group Rheumatism,, which 
I shall hereafter, for the sake of clearness, speak of as 
Residual Rheumatism. 

Under the new classification adopted in 1881, to the first 
group, now termed Rheumatic Fever, Rheumatism of Heart, 
were transferred Acute Rheumatism and Suh-axiute Rheu- 
mxitism ; while Residual Rheu/matism was still further 
diminished by the transfer of Rheumatic Arthritis to Other 
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Constitutional Diseases; to which also, on insufficient 
grounds as it appears to me, JRJieumatic Gout was transferred 
from its old heading Oout 

This transference of Acute Rheumatism to its proper 
place as a synonym of Rheumatic Fever is not mentioned in 
the Table explaining the changes introduced in 1881, which 
forms an appendix to the report of that year ; and it is due 
to the kindness of my friend, Mr. Noel A. Humphreys, of 
the General Register Office, that I am able to give this 
explanation. In a letter, dated April 20th, 1903, he said : — 
" Originally I believe the only cases noted to Rheumatism 
of Heart were those in which Fever or Heart Disease were 
certified in conjunction with Rheumatism, and even Acute 
Rheumatism was not so noted. I believe your difficulty (in 
accounting for the large increase subsequent to 1879) is due 
mainly to a change in the method of dealing with cases of 
Acute and Sub-acute Rheumatism, which were, until 1879 
1880, ticked to Rheumatism and not noted to Rheumatic 
Fever, and possibly were not all classed to Rheumatic Fever 
until 1881." 
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Numerically, the result of these changes was that, in 
1881, and the years immediately following, while the 
deaths for Rheumatism,, as a whole, continued to average 
about 3,400 annually, those attributed to Rheumatic Fever, 
Rheum/itism of Heart — averaged just about 1,000 a year 
more than in the years immediately preceding 1880. 
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At the same time, the deaths from Residual Rhev/matiam fell 
hy just about 1,000 a year, the transference of BJieamatic 
Arthritis to Other Constitutional Diseases producing no 
perceptible effect. This need excite no surprise when we 
learn that the last-named class covered only 379 deaths in 
1881, a number that has since slowly and gradually in- 
creased to 637 in 1890, and further to 1,153 at the close of 
the century (see Table I). A method of analysis which I 
shall explain presently leads me to infer that the deaths 
classed under the vague heading, Other Constitutional 
Diseases, were, at any rate for the ten years 1881-1890, for 
the most part really due to Gout a conclusion which is to a 
great extent, confirmed by the fact that when Dr. Tatham, 
in 1901, created a new sub-class Rheumatic Arthritis, 
Rheumatic Gout — the number of deaths transferred thereto 
was 848, or 73 per cent, of the whole number contained in 
the previous year in the old class of Other Constitutional 
Diseases. 

The year 1880 occupies an intermediate position, Rlieu- 
matic Fever gaining 500, while Residual Rheumatism lost 
500, as compared with 1879. This quite agrees with Mr. Noel 
Humphreys's recollection that the transfer began the year 
before the new classification was put into general operation. 

In what I have to say as to the figures for the last 
twenty years of the century that has just closed, it is, I 
fear, inevitable that I must repeat many things that Dr. 
Galabin has said ; and I must ask your kind consideration 
and his forgiveness for so doing. 

During this period of twenty years — 1881-1900 inclusive 
— the total number of deaths in England and Wales attri- 
buted to " Rheumatic Fever, Rheumatism of the Heart " 
—was 51,666. 

Of these deaths, 26,085 were of males, and 25,089 of 
females, or for every 1,000 males that died, there were 
981 females. 

This, however, gives quite a wrong impression, for if the 
number of each sex living be taken into consideration, it 
will be found that the average male death-rate was 92 per 
million, while the average female death-rate was only 84. 

But these 51,666 deaths by no means afford a complete 
measure of the evil wrought by Rheumatic Fever in twenty 
years, for during the same period 171,298 persons died 
whose deaths were certified as due to Valvular Disease of 
the Heart ; and an unknown but certainly a very large 
proportion of these persons might rightly have attributed 
their long drawn-out sufferings, mental as well as bodily, 
to an antecedent attack of Rheumatic Fever. 
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The Geographical Distribution of these deaths is given 
roughly in Table II. 

Table II. — Death- Rates per Million Persons living in 

Registration Divisions. 

1881 to 1890. 1891 to 1900. 
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This gives the crude Death Rates for the Registration 
Divisions, calculated on the mean populations between two 
successive censuses. It will be noted that Rheumatic Fever 
was in each decade most fatal in the North-Western 
Division, and least fatal in the Eastern and North Midland 
Divisions. London and Yorkshire were near the top of the 
list in each period. The main difference between the two 
decades was that the death-rate was notably less in the 
second, save in Wales. In conformity with this, the chief 
change in the order is that the Welsh division sprang up 
from below the middle to the second place. 

I do not see anything in the geographical distribution of 
the disease to support the " Chill" theory of its etiology, and 
greatly suspect that statements in the older books as to 
predisposing localities and occupations owed more to the 
theory than to precise investigations. The prevalence of 
the disease would appear to depend more upon density of 
population than relative humidity. 

There is a way of examining the Registrar-Generars 
statistics of the causes of death which admits of graphic 
representation and gives interesting results, though it is 
seldom employed. 

In Diagram A are represented the average number of 
deaths in England and Wales from certain assigned causes 
at various groups of Ages, for the two consecutive decennia 
1871-80 and 1881-90, males and females being given 
separately. The periods chosen are the last decennium of 
the old classification and the first of the new. (See 
Tables III -md IV.) 

In order to understand clearly the method of representa- 
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tion adopted, it should be explained that the orange-coloured 
area in the top left-hand corner deals with the 16,490 
deaths of males from the comprehensive alleged cause 
Bheumatianiy as used in the shorter, or more generalised 
classification, of the earlier period. The whole area is 
divided into seventeen vertical columns, representing eleven 
age-periods, one column being assigned to each of the five 
earlier periods of five years each, and two columns to each of 
the five periods of ten years each, and two columns to all 
the deaths occurring at the age of 75 and upwards. In 
every case each small oblong space corresponds to an 
average of 10 deaths per annum. 

Immediately below is a similar diagram dealing with the 
15,848 deaths of females. Neither diagram indicates any 
clear law of incidence, but markedly more females than 
males die in youth, while the disease is less fatal in middle 
life to women than to men. 

To the right are shown similar diagrams for the later 
period, dealing with 17,310 deaths of males and 17,523 
deaths of females resp3ctively. The diagrams for the two 
periods correspond closely, but the deaths of males at the 
age group 10-15 are both relatively and absolutely more 
numerous in the second period. 

Now turn to the crimson diagrams on the left-hand side, 
representing the deaths of 7,283 males, and 6,965 females 
assigned to RheumatisTn of the Heart and Pericardium, 
and, as explained above, including deaths attributed to 
Rheumatic Fever but not deaths attributed to Acute, or 
Sub'O^cute, Eheumatiam. 

The two diagrams are very similar, and we now see 
clear indications of a definite law of incidence. The disease 
kills most persons, in both sexes, in youth, between the 
ages of 10 and 20, and is less and less fatal as age 
advances. 

Next look at the yellow diagrams on the left-hand side. 
These represent the deaths from Residual Rheumatism,, 
9,207 males and 8,883 females, including, be it remembered, 
those attributed in the death certificates to Acute, or Sub- 
acute Rheuwxitism, The construction of the diagrams is 
such that the sum of corresponding crimson and yellow 
ordinates is equal to the orange ordinate of the upper 
diagram. It will be observed that these yellow diagrams 
diflFer from the corresponding orange diagrams, mainly in 
the fact that the peak or hummock corresponding to deaths 
in youth has disappeared ; indeed, two-thirds of the deaths 
at ages 5 to 20 appear in the red and only one-third in the 
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yellow diagram. Conversely, at ages 45 to 65 two-thirds 
of the total deaths appear in the yellow diagram, and 
at more advanced ages, even f and f. In other words, 
Rheumatism of the Heart (including Rheumatic Fever) is a 
disease that has its greatest incidence on youth, while 
Residual Rheumatism is most fatal to the old, especially old 
women, but has a comparatively uniform incidence from 
youth throughout middle life. 

Let us now turn to the crimson and yellow diagrams on 
the right-hand side, dealing with deaths of the second 
period, arranged in accordance with the new classification. 
The essential point to bear in mind is that deaths certified 
to Acute or Sub-acute Rheumatism are now classed with 
those assigned to Rheumatic Fever, or Rheumatism of the 
Heart. What do we see as a consequence ? While the 
diagram of Rheumatic Fever gives again a fairly good curve* 
(quite a good curve in the case of females), culminating as 
before in youth, the diagram of Residual Rheumatism gives 
an even more regular curve, culminating in the age-period, 
65 to 75. It seems impossible to imagine any clearer proof 
that Rheumatic Fever and Residual Rheumatism are truly 
distinct causes of death, and that the transfer was more 
than justified. 

For comparison I have added diagrams representing the 
deaths classed to Gout and (in the case of the second period) 
to Other Constitutional Diseases, i.e.. Rheumatic Gout and 
Rheumatoid Arthritis. The exigencies of space have com- 
pelled me to put the female curve on the left-hand side. The 
term " Rheumatic Gout " is, I feel sure, in the vast majority 
of cases applied to cases of Gout pure and simple, and the 
figures suggest that a very large proportion of the deaths 
coming under the heading that I term Residual Rheu- 
matism are also essentially gouty in their nature. Rheu- 
matoid Arthritis is, of course, an entirely distinct disease, 
having a distinct pathology, but every person that I have 
ever come across stating that his medical man had told him 
that he had Rheumatic Gout was, in my judgment, suffering 
from Gout, pure and simple. It appears to me that cases oi 
Gout in which deformity of the joints is a more obvious 
symptom (especially in women) than pain, are apt to be 
labelled with that most objectionable — because unscientific 
— name. Rheumatic Gout. 

Diagram B is somewhat complicated, and needs careful 

* Good in the mathematical sense of the term ** curve," the graphic expres- 
8ion of a numerical law, as distinguished from the irregular so-called '* curve," 
expressing, e.g., the irregular variations from year to year. 
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examination. The curves apply to England and Wales, 
and represent the fluctuations from year to year in the 
Death-Rates per million Persons living, from a number of 
assigned causes. (See Tables VII, VIII, IX, X, and XII.) 

I will ask you, in the first place, to confine your attention 
to the portion on the right hand of the dividing line, which 
deals with the period of twenty years — 1881-1900. 

As in all my diagrams, the mean rates for the period 
are given in figures at the side, and shown by dotted lines. 
The curves represent deviations from the mean, so that 
each small division of the vertical scale corresponds to 
10 per cent, above or below. In this way all the curves, 
whether relating to small or large numbers, are strictly 
comparable. 

To the left of the dividing line are given the curves, 
taken from my former paper,* relating to the twenty-five 
years — 1856-1880, inclusive. I have omitted the year 1855, 
chiefly from considerations of space, and would premise 
that these curves are not quite accurately represented, since 
the mean from which the percentage deviations are cal- 
calculated is that of the twenty-four years — 1855-1878. 
The only diflerence caused by this discrepancy is that some 
of the curves are placed a trifle higher, or lower, in reference 
to the dotted lines, than they should be, but the argument 
is in no way aflfected. 

In the case of Enteric Fever, the deviations have been 
calculated from the mean of thirty-two years — 1869-1900, 
and in the case of Diphtheria I have, for the earlier period 
as for the later, included Cynanche Maligna, thereby slightly 
modifying the earlier years of my old diagram, and the 
entire curve is now calculated from one mean, that, namely, 
of the whole forty-five years. The continuity of these 
curves is indicated by the breaks in the dividing black line. 

All the other curves for the earlier period are calculated 
from the means given on the left edge of the diagram, taken 
from my Studies in Statistics. Hence it follows that (with 
the exceptions of Enteric Fever and Diphtheria) the curves 
on either side, though of similar colours, must not be regarded 
as continuous, for in some cases the classification difiers, 
(notably so in the case of Rheumatism), and in all cases the 
means, from which their percentage fluctuations are calcu- 
lated, diflfer. To indicate this, and to make some sort of 
comparison possible, I have, down the centre of the diagram, 
given the actual death-rates per million for the last year of 
the earlier period, and the first year of the later period. 

* As reprinted in Studies in Statistics, 
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Reverting to the right-hand side of the diagram, certain 
features strike the eye at once. First, all the curves (with 
the single marked exception of that of Diphtheria) exhibit 
a downward tendency, most conspicuous in the cases of 
Scarlet Fever and Erysipelas. Secondly, all the curves, with 
the notable exception of Residual Rheumatism show an 
outstanding peak corresponding to the year 1893. This 
in the cases of Puerperal Fever and Diphtheria, was the 
year of maximum mortality, but in the case of the other 
diseases, only a more or less well-marked secondary maxi- 
mum. The dry and hot summer of 1893 led also to a very 
high death-rate from Epidemic Diarrhoea, but the annual 
fluctuations in the curve of that disease have usually but 
little correspondence with those that we are now treating 
of. Moreover, its fluctuations from year to year are in 
comparison extreme. 

If we now turn to the left-hand side of the diagi^am, 
which deals with the twenty-five years, 1856-1880, we 
see that the fall in the curves of Scarlatina and Erysipelas 
during the last twenty years is a continuation of that which 
commenced in the later 'seventies ; in fact, the tale of 
deaths has almost continuously decreased since the fatal 
year 1874. 

In the case of Puerperal Fever, we find a different state 
of things. The mean for the later period — 76 deaths per 
million — is just 20 per cent, higher than that for the 
earlier series of years, when it was but 63. Although it is 
true that the death-rate, even in 1893 (when it was 102 
per million) was below that of 1875 (105 per million), and 
considerably below that of 1874 (when it reached 131), 
still Puerperal Fever was, in the aggregate, far more fatal 
in the eight years, 1881-1888, than at any previous time of 
like duration for which figures are available, and even 
during the last six years has scarcely fallen to the rates 
prevailing prior to the great epidemic of 1874. The letters 
of enquiry instituted by the Registrar-General in 1881, 
are responsible for an increase of somewhere about 10 per 
cent.,* but that will only in part account for the greater 
fatality. 

The curve of Scarlatina exhibits curious fluctuations of a 
secular character. During the period covered by my 
former paper, the curve rose and fell in great waves, 
showing five hollows, from 30 to 50 per cent, below the 
mean of 854, and four crests of from 23 to 70 per cent, 
above it. The curve then fell each year — 1881, 1882, 

* Studies in SUUisticSj p. 325. 
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1883, 1884, and 1885 — and since then has fluctuated, though 
in a far less majestic manner than before, about a mean 
rate of 183 (for the eighteen years, 1885-1902). How this 
astonishing fall of the mean to less than a fourth of its 
former magnitude is to be explained, how much of it is to 
be attributed to segregation in hospitals, how much to im- 
proved treatment, how much to change of type, I do not 
pretend to know, but am inclined to give much credit to 
the last. A very similar, and scarcely less remarkable, 
secular change is shown by the curve of Enteric Fever (not 
treated of in my previous paper). The figures are only 
available from 1869 onwards. For the first seven years 
the death-rate was almost steady, averaging 378 per 
million ; then for nine years it fell irregularly, but for the 
eighteen years — 1885-1902 — it has exhibited moderate fluc- 
tuations (about 25 per cent, above or below) from a mean 
of 175, less than half that of the early 'seventies. It will 
be observed that the secular changes since 1875 in the 
cases of Scarlatina and Enteric Fever though diflFering 
greatly in degree, show steady diminution and comparative 
stability during identical periods. 

Owing to the changes in the classification detailed above, 
no useful comparison can be made between the curves of 
Rheumatic Fever for the two periods. 

If the curves in Diagram B be carefully compared, each 
with each, it will be found that those of Erysipelas and 
Puerperal Fever are so alike as to be practically identical, 
for the greater part of their course at any rate, and this 
was even more the case in the previous period. The curve 
of Rheumatic Fever is very like both these, but follows that 
of Puerperal Fever somewhat the more closely. On the 
contrary. Scarlatina, while it has a strong resemblance to all 
three, is most suggestive of Erysipelas. 

The curve of Septicaemia, which includes all non-puerperal 
cases assigned to Pyaemia, is in some respects more like that 
of Scarlatina than that of Erysipelas. This curve has been 
greatly raised during the last twenty years by the change 
of practice, whereby deaths from Pyaemia following acci- 
dents, which were formerly included under Violent Deaths, 
are now classed to the resulting intercurrent malady. The 
increase amounts to an average of about 50 per cent. 

The pale-yellow curve at- the bottom of Diagram B. 
shows the fluctuations of Residual Rheumatism for the two 
periods. That to the left hand shows that in the earlier 
period this was like a flattened or foreshortened shadow 
of the curve of Rheumatism of the Heart with the notable 
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exception that the latter rises in the last year whereas the 
former falls. The corresponding curve on the right-hand 
side, that for the later period, oscillates about a mean, that 
is, roughly speaking, one-half that of the first period 
(: 32 : 70), but these oscillations bear no relation whatever 
to those of Rheumatic Fever. The lowering of the mean is of 
course due to the transference of deaths assigned to Acute 
or Sub-acute Rheumatism to the heading Rheumatic 
Fever. Moreover, the discrepancy alluded to above in the 
last year of the first period is due to this change in classifi- 
cation having commenced in the year in question. (See 
Tables V and VI.) 

Now let us turn to Diagrram C. This deals with seasonal 
variations, and exhibits the mean Weekly Deaths in London 
for almost the same period —1882-1901 — drawn in like 
manner, so that the ordinates express a deviation above or 
below the weekly mean, each division corresponding to 
10 per cent. It should, however, be explained that, with a 
view to removing: fortuitous irreojularities owinff to the 
small numbers dealt with, the curve has been smoothed bv 
the process of taking three continuous means ; that is to 
say, the figure set down for each week is the mean of that 
for the week in question, that for the preceding, and that 
for the following week. 

It will be observed that the three curves for Erysipelas, 
Puerperal Fever and Rheumatic Fever very closely resemble 
one another : this was also the case in the earlier period. 
That of Rheumatic Fever approaches more closely to Erysi- 
pelas than to Puerperal Fever ; the former occupying an 
intermediate position. All the curves are well above the 
average throughout the three months, November, December, 
and January, and all are well below the average through- 
out May, June, July and August. The weeks in which the 
actual maxima and minima are found differ somewhat, 
it is true, but the general resemblance is nevertheless 
sufficiently striking. 

The corresponding Diagram (Plate XX) in my Studies 
in Statistics gave very similar results, but the improve- 
ments in classification introduced in 1881 have somewhat 
increased the resemblance of the Rheumatic Fever curves 
to the others. 

At the bottom of Diagram C are given, in grey and 
black respectively, the curves for Residual Rheumatism 
and Gout.* It will be noted that, while generally resembling 

* As the figures are very small, ib was necessxry ia order to smooth them 
adequately to take five coatmuous means. 
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one another, they diflTer essentially from the other curves. 
Unfortunately, the " Other Constitutional Diseases" of the 
Weekly Returns include a number of diseases having 
nothing in common, and so differ from the groups bearing 
the same name in the Annual Reports. (See Tables XI 
and XII.) 

Reverting to Diagram B, it will be seen that at the top 
and bottom two inverted curves are constructed by draw- 
ing blue ordinates downwards. These represent the 
deviation from the mean of the Greenwich Rainfall. As in 
my former Paper, to prevent exceptional storms having an 
undue influence upon the curve, I have in its construction 
combined the number of inches measured with the number 
of days on which rain was measured, adding together half 
the percentage of each. 

No close relationship is observed, such as was seen in 
the previous twenty years, but it will be noted that the 
fatal year, 1893, was dry, and that it was followed by a 
very wet year. (See Tables XI and XIII.) 

I then divided England and Wales into three regions — 

(1) South Eastern, comprising the London, South Eastern, 
South Midland, and Eastern registration divisions, with 
an aggregate mean population of some lOJ millions. 

(2) Western and Midland, comprising the South Western, 
West Midland, North Midland, and Welsh registration divi- 
sions, with an aggregate mean population of 8J millions. 

(3) Northern Region, comprising the North Western, 
Yorkshire, and Northern registration divisions, with a 
mean aggi-egate population of nearly 9 J millions. 

I constructed a Rheumatic Fever curve for each of these 
regions, and with them compared Rain curves for Green- 
wich, Wolverhampton, and Leeds respectively. 

These last three differed considerably one from the other, 
but the three Rheumatic Fever curves were much more 
concordant than might have been expected. 

Curiously enough, the Rheumatic Fever curve for the 
South Eastern region did not show the inverse connection 
with the Greenwich Rainfall more closely than the curve 
for England and Wales. (See Table XII.) 

I made yet a third set of comparisons by taking out the 
Greenwich Rainfall for the first four months of the year, 
the second four months, and the third four months. In 
this case I found that the closest connection with the 
Rheumatic Fever curve was with the Rain curve for the 
four months, May, June, July and August. This curve is 
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given at the bottom of the diagram. The inverse connec- 
tion is not very close. It may be asserted that epidemics 
of Bheumatic Fever occur in, or follow, dry summers, but 
every dry summer does not produce an epidemic. Some 
condition was wanting in the very dry summer of 1899, 
which prevented more than a trifling rise in the diseases 
here treated of. 

But when stating that the relations between the diseases 
we are here treating of and rainfall were less marked in 
the later than in the former period, it should be noted that 
the fluctuations in the rainfall itself have been far less 
remarkable in recent years. A cause that is at the most 
secondary could not be expected to produce strictly pro- 
portional variations ; it might well be that only extreme 
fluctuations of the rainfall would materially affect the 
prevalence or fatality of Rheumatic Fever or Scarlatina. 

I think that I shall be justified in drawinyf the following 
inferences from the Registrar- General's figures : 

(1) An analysis of the ages at death proves that altera- 
tions in the classification of causes of death, introduced 
about 1881, whereby deaths certified as due to "acute 
rheumatism," and *' sub-acute rheumatism," were grouped 
with those assigned to " rheumatic fever" and "rheumatism 
of the heart or pericardium," bring the data more into 
accord with etiological facts than before. 

(2) The same analysis gives reason to believe that at 
least a large majority of the deaths certified as due to 
" rheumatic gout " were really due to " gout." 

(3) The geographical distribution of rheumatic fever 
gives no support to the old idea that it is mainly caused by 
cold, wet, or chills. It would appear to depend rather upon 
density of population. 

(4) The curves expressing the year-to-year mortality from 
scarlatina, erysipelas, puerperal fever, septicssmia, rheuma- 
tic fever, and enteric fever all show a downward tendency. 

(5) In both periods, viz., 1856-1880, and 1881-1900, the 
curves of erysipelas and puerperal fever are t?o alike as to 
be practically almost identical. 

(6) In the second period, the curve of rheumatic fever 
closely resembles the curves of erysipelas and puerperal 
fever. 

(7) The curves of scarlet fever and enteric fever exhibit 
notable secular variations. The former for the years 1856- 
1880 fluctuated widely about a mean of 850 deaths per 
million. It then fell steadily till 1885, since which time it 
ha« fluctuated slightly about a mean of 183. 

N. S. — VOL. XXIV. E 
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(8) The enteric fever rate was nearly constant for the 
seven years 1869-1875, averaging 378 per million. It then 
fell for nine years irregularly, bat for the eighteen years, 
1885-1902, it exhibited moderate fluctuations, about a mean 
of 175 per million. 

(9) Rheumatic fever, and the diseases here compared 
therewith, show a rough inverse relationship to rainfall, 
but this is not so marked in the latter period as in the 
earlier. A dry summer appears to favour an epidemic of 
rheumatic fever, though it is not invariably followed 
by one. 

(10) In London, rheumatic fever, erysipelas, and puerperal 
fever have almost identical seasonal distribution ; and this 
holds equally for an average of ten years, and for the 
epidemic year 1893. 

In conclusion, no one is so conscious as myself that a 
good deal of labour has produced but very small results ; 
yet since these results are founded on a very wide basis of 
facts, they deserve the most careful consideration of the 
etiologist. The very great importance of rheumatic fever, 
not merely as itself the direct cause of much suffering, but 
from the lasting misery due to its characteristic compli- 
cation, endocarditis, must be my excuse for taking up so 
much of your time. 
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Table III. — England and Wales. 

Average Armual Number of Deaths at Certain Ages. 

Decermium 1871-80. 

[Compare Diagram A.] 
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Table IV. — England and Wales. 

Average Annual Number of Deaths at Certain Ages. 

Decennium 1881-90. 

[Compare Diagram A.] 
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Table VL— London : The Year 1893. 

[Compare Diagram C] 
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5th 


10 


8.67 


117 


6 


6.00 


123 


6 


7.33 


161 


6th 


9 


10.00 


134 


10 


7.00 


143 


10 


7.33 


161 


7th 


11 


8.00 


108 


5 


6.00 


123 


6 


6.33 


130 


8th 


4 


6.33 


85 


3 


4.33 


89 


3 


6.00 


103 


9th 


4 


5.00 


67 


5 


3.67 


76 


6 


6.33 


110 


10th 


7 


6.00 


81 


3 


3.33 


68 


7 


6.33 


180 


11th 


7 


8.33 


112 


2 


3.00 


61 


6 


6.00 


123 


12th 


11 


8.00 


108 


4 


3.67 


76 


6 


6.00 


123 


13th 


6 


7.00 


94 


5 


3.67 


76 


7 


6.00 


103 


14th 


4 


5.33 


72 


2 


4.33 


89 


3 


4.67 


96 


16th 


6 


5.33 


72 


6 


3.67 


75 


4 


4.00 


82 


16th 


6 


6.67 


90 


3 


3.33 


68 


6 


4.33 


89 


17th 


8 


7.00 


94 


1 


2.67 


66 


4 


4.33 


89 


18th 


7 


8.00 


108' 


4 


3.67 


75 


4 


4.67 


96 


19th 


9 


6.67 


90 


6 


4.67 


96 


6 


6.33 


110 


20th 


4 


7.00 


94 


4 


4.33 


89 


6 


6.00 


123 


21st 


8 


6.00 


81 


3 


4.00 


82 


6 


4.67 


96 


22nd 


6 


6.67 


90 


5 


4.33 


89 


2 


6.00 


123 


23rd 


6 


7.67 


103 


5 


5.67 


116 


10 


6.00 


103 


24th 


11 


9.00 


121 


7 


9.00 


184 


3 


6.00 


123 


25th 


10 


8.33 


112 


16 


8.00 


164 


5 


3.00 


62 


26th 


4 


8.00 


108 


2 


7.67 


157 


1 


6.00 


123 


27th 


10 


8.67 


117 


6 


4:00 


61 


12 


6.33 


110 


28th 


12 


10.33 


139 


4 


5.00 


102 


3 


6.00 


123 


29th 


9 


10.33 


139 


5 


6.00 


123 


3 


3.00 


62 


30th 


10 


10.00 


134 


9 


7.67 


157 


3 


3.67 


76 


31st 


11 


11.67 


157 


9 


9.00 


184 


5 


6.33 


110 


32nd 


14 


11.67 


167 


9 


11.00 


225 


8 


8.33 


171 


33rd 


10 


14.67 


197 


15 


11.00 


226 


12 


9.00 


186 


34th 


20 


13.33 


179 


9 


11.00 


226 


7 


7.67 


158 


35th 


10 


13.33 


179 


9 


9.33 


191 


4 


6.33 


110 


36th 


10 


8.67 


117 


10 


8.67 


177 


6 


4.33 


89 


37th 


6 


11.33 


152 


7 


8.00 


164 


4 


6.67 


117 


38th 


18 


11.33 


162 


7 


7.33 


150 


8 


6.67 


117 


39th 


10 


12.33 


166 


8 


9.00 


184 


5 


6.33 


130 


40th 


9 


10.67 


143 


12 


9.67 


198 


6 


8.00 


164 


41st 


13 


11.67 


157 


9 


9.00 


184 


13 


9.67 


199 


42nd 


13 


13.00 


175 


f) 


10.33 


211 


10 


12.33 


254 


43rd 


13 


14.67 


197 


16 


13.33 


273 


14 


13.33 


274 


44th 


18 


16.67 


224 


18 


16.33 


334 


16 


12.00 


247 


46th 


19 


17.00 


228 


16 


14.33 


293 


6 


11.67 


240 


46th 


14 


15.33 


206 


10 


13.67 


280 


13 


9.33 


192 


47th 


13 


14.00 


188 


16 


13.33 


273 


9 


9.00 


186 


48th 


15 


12.33 


166 


14 


14.67 


300 


5 


8.67 


178 


49th 


9 


13.00 


175 


14 


13.33 


273 


12 


9. 


185 


50th 


16 


10.33 


139 


12 


18.33 


376 


10 


8.67 


178 


51st 


7 


13.00 


176 


29 


16.67 


341 


4 


8.00 


164 


52nd 


17 


10.00 


134 


9 


16.00 


327 


10 


7.00 


144 


Mean of 
20 years 


}■■ 


7.44 


... 


• • • 


4.89 


• • • 


• ■ • 


4.86 


— 
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Table VII. — England and Wales. 

Deaths cmd Death-Bates, 25 Years, 1856-1880. 
[Compare Diagram B.] 





Scarlatina. 


Septicaemia, etc. 


Erysipelas. 


Year. 


1 

a 


• 

1 

i 

s 


Per Cent, of Mean. 

1 


•2 

Q 

1 

a 


• 

a 
.2 


Per Cent, of Mean. 

1 


1 


• 

a 
o 

a 

1^ 

'^% 

fa 

1 


i 

• 

% 


1856 


13,463 


707 


83 






1998 


105 


116 


1857 


12,558 


652 


76 








1478 


77 


84 


1858 


23,600 


1212 


142 








2000 


103 


112 


1859 


19,221 


976 


114 








1924 


98 


107 


1860 


9,681 


486 


57 






« 


1662 


84 


92 


1861 


9,077 


451 


63 


• • • 


• • • 


• • • 


1539 


76 


83 


1862 


14,834 


728 


86 


69 


3 


21 


1520 


76 


82 


1863 


30,476 


1478 


173 


159 


8 


47 


1906 


92 


100 


1864 


29,700 


1422 


167 


202 


10 


69 


2091 


100 


109 


1865 


17,700 


837 


98 


242 


11 


70 


1953 


92 


100 


1866 


11,686 


546 


64 


273 


13 


78 


1666 


78 


86 


1867 


12,300 


667 


66 


246 


11 


70 


1445 


67 


73 


1868 


21,912 


998 


117 


337 


15 


94 


1942 


88 


96 


1869 


27,641 


1244 


146 


355 


16 


98 


1863 


83 


91 


1870 


32,543 


1446 


169 


407 


18 


111 


2120 


94 


103 


1871 


18,567 


815 


96 


375 


16 


101 


2216 


97 


106 


1872 


11,922 


517 


61 


366 


16 


98 


1771 


77 


84 


1873 


13,144 


56a 


66 


406 


17 


107 


2027 


87 


96 


1874 


24,922 


1054 


123 


674 


29 


176 


3358 


142 


155 


1875 


20,469 


855 


100 


645 


27 


166 


3017 


126 


138 


1876 


16,893 


697 


82 


649 


23 


139 


2327 


96 


105 


1877 


14,456 


589 


69 


684 


24 


146 


2077 


85 


93 


1878 


18,842 


758 


89 


677 


23 


143 


1870 


75 


82 


1879 


17,613 


694 


81 


643 


25 


156 


1824 


72 


78 


1880 


17,404 


676 


79 


645 


25 


164 


2014 


78 


86 


Mean of ) 




















24 years, > 


18,436 


864 


100 


380* 


16 


100 


1994 


92 


100 


1855r78 ) 





















Mean of 17 years 1862-78. 
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Table VII. — England and Wales {Continued). 

Deaths and Death-Bates, 25 Years, 1856-1880. 
[Compare Diagram B.] 





Puerperal Fever. 


Rheu 

1 

1 


imati 
Bart, 

• 

a 

;2 
• iH 

1^ 
tH 

1 

36 


sm of 
etc. 

• 

« 
O 
u 


Annual Deaths. 


tlesidual 
Leumatism. 


Year. 


• 

a 


• 

a 
o 

i 

1 


• 

a 

• 

a 
o 

O 

A* 


• 

a 
.2 

a 

i 

Si 


Per Cent, of Mean. 


1856 


1067 


56 


89 


681 


78 


1326 


72 


1 

102 


1857 


836 


43 


69 


498 


26 


56 


1190 


63 


t 89 


1858 


1068 


55 


88 


667 


34 


74 


1275 


67 


95 


1859 


1238 


63 


101 


784 


40 


86 


1340 


69 


98 


1860 


987 


50 


80 


753 


38 


82 


1245 


64 


91 


1861 


886 


44 


70 


661' 


33 


71 


' 1321 


66 


1 94 


1862 


940 


46 


73 


704 


35 


75 


1239 


60 


85 


1863 


1155 


56 


89 


870 


42 


91 


! 1305 


63 


' 89 


1864 


1484 


71 


113 


1001 


48 


104 


1558 


75 


106 


1865 


1383 


63 


101 


951 


45 


98 


1579 


75 


106 


1866 


1197 


56 


89 


846 


40 


86 


1492 


69 


98 


1867 


1066 


49 


78 


793 


37 


79 


1463 


67 


95 


1868 


1196 


54 


86 


1071 


49 


106 


1432 


65 


I 92 


1869 


1181 


53 


85 


1160 


52 


113 


1593 


72 


102 


1870 


1492 


66 


105 


1230 


55 


119 


1561 


69 


98 


1871 


1464 


64 


102 ' 


1203 


53 


114 


1523 


67 


95 


1872 


•1400 , 


61 


97 


1049 


45 


99 


1407 


61 


87 


1873 


1740 


74 


118 


1034 


44 


96 


1469 


63 


89 


1874 


3108 


131 


209 i 


1363 


58 


1-25 


1840 


77 


109 


1876 


2505 


105 


167 


1817 


76 


164 


2227 


93 


131 


1876 


1746 


72 


115 


1591 


66 


142 


2049 


84 


US 


1877 


1444 


59 


94 , 


1504 , 


61 


133 


2070 


84 


119 


1878 


1415 


57 


91 


1426 I 


57 


124 


1994 


80 


114 


1879 


1464 


58 


92 


1356 


53 


116 


2059 


81 


116 


1880 


1659 


64 


103 


1902 


74 


160 


1452 


56 


80 


Mean of ) 






1 














24 years, } 


1376 


63 


100 


1017 


46 


100 


1560 


70* 


100 


1855-78 ) 








1 


1 











Mean of 26 years, 1856-80. 
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Table IX. — ^England and Wales. 

Deaths <md Death-Bates, 
[Compare Diagram B.] 





Enteric Fever. 


Diphtheria 
(including Cyna/nche Maligna). 


Year. 
















Annual 
Deaths. 


Rate per 
Million. 


Per 

Cent, of 

Mean. 


Annual 
Deaths. 


Bate per 
Million. 


Per 

Cent, of 

Mean. 


1856 








603 


32 


17 


1857 








1583 


82 


43 


1858 








6606 


339 


178 


1859 








10184 


517 


271 


1860 








5212 


262 


137 


1861 








4517 


224 


118 


1862 








4903 


241 


126 


1863 








6507 


316 


166 


1864 








5464 


262 


137 


1865 








4145 


196 


103 


1866 








3000 


141 


74 


1867 




. • . 


> • • • 


2600 


120 


63 


1868 


• . • 


■ • • 


• • • 


3013 


138 


72 


1869 


8660 


390 


161 


2606 


117 


61 


1870 


8731 


388 


160 


2699 


120 


63 


1871 


8461 


371 


153 


2525 


111 


58 


1872 


8741 


377 


156 


2152 


93 


49 


1873 


8793 


376 


155 


2531 


108 


57 


1874 


8861 


374 


154 


3560 


150 


79 


1875 


8913 


371 


153 


3415 


142 


75 


1876 


7550 


309 


127 


3151 


130 


68 


1877 


6879 


279 


115 


2731 


112 


59 


1878 


7^52 


306 


126 


3498 


140 


73 


1879 


5860 


236 


97 


3053 


120 


63 


1880 


6710 


262 


108 


2810 


109 


57 


1881 


5529 


212 


87 


3153 


121 


63 


1882 


6036 


229 


94 


3992 


152 


80 


1883 


6078 


228 


94 


4218 


158 


83 


1884 


6380 


236 


97 


5020 


186 


98 


1885 


4765 


175 


74 


4471 


164 


86 


1886 


5061 


184 


76 


4098 


149 


78 


1887 


5155 


]86 


76 


4443 


160 


84 


1888 


4848 


172 


71 


4815 


171 


90 


1889 


5011 


176 


73 


5368 


189 


99 


1890 


5146 


179 


74 


5150 


179 


94 


1891 


4875 


168 


69 


5036 


173 


91 


1892 


4037 


137 


56 


6552 


222 


116 


1893 


6801 


229 


94 


9466 


318 


167 


1894 


4781 


159 


66 


8774 


291 


153 


1895 


5326 


175 


72 


7895 


259 


136 


1896 


5125 


166 


68 


8993 


291 


153 


1897 


4851 


156 


64 


7654 


246 


129 


1898 


5708 


181 


75 


7661 


248 


128 


1899 


6304 


198 


82 


9295 


292 


153 


1900 


5591 


173 


71 


9345 


290 


152 


Mean of \ 














82 Years f 


6351 


248 


100 








Mean of 1 














45 Years / 


• •• 


• • • 


• • • 


4854 


191 

« 


100 
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Table X. — Rain at Greenwich. 

25 Yea/rs, 1856-81. 





Rainfall. 


Rainy Days. 




Year. 








A + B 






Per Cent, of 


iPer Cent. 


2 




Inches. 


Mean. 
A. 


Days. 


of Mean. 
B. 




1856 


21.6 


89 


144 


95 


92 


1857 


21.4 


88 


129 


85 


87 


1858 


16,8 


69 


112 


74 


72 


1869 


25.9 


107 


148 


97 


102 


1860 


31.6 


130 


192 


126 


128 


1861 


20.8 


86 


146 


96 


9% 


1862 


26.6 


109 


179 


118 


113 


1863 


20.0 


82 


131 


86 


84 


1864 


17.2 


71 


112 


74 


72 


1865 


29.0 


119 


136 


90 


105 


1866 


30.5 


126 


184 


121 


123 


1867 


28.6 


118 


163 


107 


113 


1868 


25.3 


104 


143 


94 


99 


1869 


24.0 


99 


147 


97 


98 


1870 


18.5 


76 


128 


84 


80 


1871 


22.3 


92 


164 


108 


100 


1872 


30.0 


124 


197 


130 


127 


1873 


23.4 


96 


144 


95 


96 


1874 


20.0 


82 


139 


91 


87 


1875 


28.2 


116 


149 


98 


107 


1876 


24.2 


100 


168 


111 


105 


1877 


26.9 


111 


183 


120 


116 


1878 


29.2 


120 


167 


110 


115 


1879 


31.3 


129 


179 


118 


124 


1880 


29.8 


123 
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Table XIII. — Rheumatic FeVer in Three Regions of 

England and Wales. 
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Discussion. 

The President : We have listened to-nipfht to a Paper 
of very singular interest, and I am sure you will have a 
great deal to say in the way of observations upon it. 
Before I ask Sir William Church to open the discussion, I 
will ask Dr. Bulstrode to read a letter which he has received 
from Professor Kenwood, who is unable to be present 
to-night. 

Dr. Bui^trode : Professor Kenwood writes from Univer- 
sity College — It is with great regret that I find myself 
unable to attend the meeting, but I have read with great 
interest the valuable Paper by Dr. LongstaflF, which con- 
stitutes the programme for this evening. There is just one 
item in the Paper upon which I have thought that I could 
send a few lines which may be of interest to Dr. Longstaff 
and the meeting. At the commencement of the Paper he 
draws attention to the practically -identical character of the 
mortality curves of erysipelas and puerperal fever; and 
he adds that there appears to be some kind of inverse 
relationship between erysipelsus (as with certain other 
diseases) and the amount of rainfall. 

Some five years ago, Dr. A. Griffith and I collected 
together much material for the purpose of an inquiry into 
the circumstances accounting for the unequal incidence of 
erysipelas upon diflerent London areas, and to this end we 
collected all the facts relating to the notification of this 
disease in the Metropolitan areas for several years. We 
concluded that the amount of sickness notified in relation 
to such a disease as erysipelas was likely to prove of 
greater value to us, for the purpose of our special inquiry, 
than mortality returns. The result of this work, which 
has never hitherto been published, supports Dr. Longstaffs 
conclusion : for the curves of erysipelas and puerperal fever 
were practically identical in the Metropolis — whether they 
be sickness or mortality curves. We did not, however, 
satisfy ourselves that the facts warranted the conclusion 
that there was a definite relationship existing between any 
meteorological circumstances and erysipelas incidence in the 
Metropolis. The considerable variations in the incidence 
of the disease in various parts of the Metropolitan area 
during the same week or month seemed to support this 
view, and we did not find that the erysipelas notification 
curves, drawn for the different weeks of several years, gave 



64 



A CONTRIBUTION TO THE ETIOLOGY OF 



GO 



^ 



CO rH Ob tOiHlCCOCO^ CO 



eo o 

<N CO 



00 CO ^1 



^aiQ(N to i-t <N 
^4 CO ^fl CO CO 00 CO 



1-4 C^S 



C0«OrH0Ot^"^00COt^00 
adQ000t^COt>-COt>-t>>Q0 



SSe 



CO 



CO 
Oi 
00 



s 



CO 

In. Ol 00 t>-OOOOt>^ CO t^ O) C9 00 

-^ (N O -^C^^rHrH c4 CO ""^ »d CO 
(N 00 CO (N ^1 ^4^1 CO 00 CO <N (N CO 



gOPCOrH«Of-H\OeO(Mrt<»0 C*-^ 
OOOOt^COt^COOOOOOOOO 00<^ 



U3 

a 

00 



O t>. O) o o LOt^eo eo c^oOkO coS 

- - - * • • •••••••• 

SlA^CO CO ""(ti «rf4 CO CO CO 



rt< 00 O 00 
00 CO ^ CO 



S<Ort<t^00(M0OWi<O rt<00- 
t^oot^<otO(Ot>-aooo 0000 



C4 



9. 

00 



in 



^S 



O)^ <N 00 OtHCOO) O O) CO 

00 c4 t><l 00 00 Q^ C> "^ O (N >o ^ 

CO CO CO CO CO ^4 Co CO CO CO CO (N CO 



I>-co»Hcor*"^'^OOOJ»oc»»co" 
00 00 00 (^ t^ «-•*«* 00 ^• 00 00 00 1—1 

00 



CO 
Oi 

oo 



O 00 

f-H CO OS t^ CO Tt< tH -^ 00 CO -^ O ^«» T— I 

• ••••••••«•••• 

^ *«* .-I i-H C^ O OQ CO op CO uii <N 1^ — 

CO CO ^ ^i4 '^ LO ^ ^fl ^ CO CO CO ^4 



OSC**t^ Mi t«« \0 O CO rH O lOCO . 

oooot^ cococot>«cot«oooo oom 



Oi 

oo 



CO 
(N \a lOOOCOi-H'^ O C^ (N O 00 f-H 

• •••••••••••• 

oauat^^co^.oo>t-«-i— lot^co 

(N CO 00 ^1 lA«9l CO CO CO CO CO CO CO 



0)0)CO Oi O O rH ^ ^ 

ODoococot>**^i>.t»» 



00 



00^ 



CO 
00 00 



Oi 
oo 



S 



1-4 O O C^ to rHC^ 



CO 
CO rH (N (NCOC^ 



COt^(M00Oi'^O>iMt«*CO00 OCO 
CO CO CO CO ^4 CO CO CO CO CO C^ ^CO 



000)0 CO O 1-H ■^ OS l>» ^ 
0000 aot» oo t> tN. i>. t>. 00 



00«» 



00 



o 
OS 

00 



s 



»OO^COOO»OTj<OOCOr-lC^COOOl^ 

osc4Qcoo6t>^coa)o6<«Mt^ooco 

C^(NLOCOCOCOOOMCO^OO(MCO 



D«-P* OCOOOCO'^OOOO 
OOOOOO 00 CO t» t^ !>• 00 00 



S — s 
00' 



OS 

oo 
00 



s 



rH {» <ct4 U^ to CO OOCQCQrH lO ^ ^4 

• • • • • • • • • • • • • 

rH«>iOi-IOO*N.^OU3»0 SMOUJ 

CO oo '^i CO CO CO CO ^4^n C4 co co CO 



OCOOrHOS^COlOUId 
OOO0O00OI>-L»t^l>.t^ 



00 



00 

00 

00 



s 



^ 



t^0St^rHa3000SC<*-C0COC0OCQ 



00 <N O tN- 

Cq oo CO CO 



3 ^1^1 <N ^1 liO ^^4 (N CO CO 



tHCO-^OOOOCOC^OSO"^ C*-i-h 



CQ 



r^n >^» ^T' N*j s*»*» >*^ \«^ ^^# \,^ ^^r* i^^^ w— i • 

0)OOQOt>.COtN.OOt<«0000 000)04 

00 






•'2 



^^ 









u 



> ^ B U P^ t^<ii t^^ Zo ^ 

^ bo^ 3 ©bS P-hS 39 3 S^o o 

Pi3 



BO 

• o 

^r-4 

a I 

9^ ca 

flB 



O 
4> 



^ ■% 

rrj O 

'a ^ s 



RHEUMATIC FEVER. 



65 



QO 



O rH -^ i-H t>. If) t^ LO OO O fH t>. QO lO 

O 00 Oi CO >0 C3 oo O 00 u^ ''I* O Od ^ 

r-t i-H Ofl i-H 0>1 iH rH i-H i-H 1—1 



>oioo9t>-ootx.TiieqiocoT)4oo 

ot<»^u:)Ooo«oOdfr*>co(NO) 

• • • • • • m 9 m • • • • 

(NCQOOi-HrHi-lOOaOiOr-tC^fH 



00 



S 



O) ^ CO rH 



»oaeoco T**,-Hi-i(N©a 

. _JiH 



odr-4eo4>^03iHlQ3aocoeoi-iOLQ 

I ©a rH i-H rH i-H i-H iH 



OOOOwS'iHt^COC^IiHiOt^tHCP 

t^COC«a>Oi-l(NOOitrdOrHCO0» 

OOeOOOCirHi-HirScOrHCOlH 



Oft 

oo 



s 



OCO-^rHCOOrHOOa^At^^O 

oicototxZcQeoooooQicooodco 

rH rH fH gg ©3 rH i-H ©1 i-H I— I iH 



<D ea (N U3 Tj< O i-HOdOO T*4 t^Ci rH 

0>rHTj4eQ COCO'^OC^OOiHf-lt*" 

• ••••■••••••• 

rH O rH i-H O O 0000 rH (N CO (N rH 



00 



la _ «o 

O CO e« (N C^COOOtN O) O t^ O CO 00 

O O <M 00 OOOOOOOO O ^ !-• o o ^ 



t^\A0)^O-^LQv0U3lAx000eQ 

00b-i-<t^00000400O^00C400 

• ••■••••••••• 

<NrHr-lrHrHrHCO'NrH^(NNOa 



CO 
00 



r-IC^e0(N00lOCOt^00'^Oi"^^ 

• •••• •••••••• 

OJrHOlQOlCOOSOOO'^ rHi— iC*" 
rHG^OJOKNrHC^rHrHrHrHrH 



-^ c*c<i -^ o Tji «p 
TjH 00 CO o^ 00 *^ ^ 



r-t t^ 



C00^00*N.^tOO00rHN«0 

rHO^OOOOOJrHrHc6c4c4rH 



O 
Oi 



<oooo)OOOOcoa5t>«<o<ooio 

• • • • • • ••••••• 

OOeoOQrHOoooo^coodom 

r-( rH rH 0<l 05 d rH rH rH rH t-i T-^ 



OC4^0)rH<0(NCP(NQ0e0t^^ 

U3(000>>0-^<OOrH|SUdCOOd 

• •••••••*•••• 

rHrHrHOrHC<lrH00(N00©lrHrH 



00 



O k£) O CI rH lAOO 00 U^ rH CO CO O C^ 

• • • • • • • ••••••-•. 

O O CO CO «>i t»aiC*-0 t^ CO O rH ^ 



OrHrHCO<NCOOaLOOOOOOTt4lO 
00OOrHl>>0000t*O00CiC49S 

rHOG^rH(Nde6^rH'*rH00©i 



o 

00 



s 



0(N«0(NC*rH*N.Tt<OOxft'<»<»000 

• • • • • ■••••••• 

rHOTtt:OadOO<Ot^OOu^rHOO^ 



00 
QO 



3 



00 

a>^- 00 ^ 00 rH 



•^«0"^osoieo_w . . 

• • • • • • ••••••• 

r-{ i-t r-i r-Hw^rHi^r-{ 1-* r^ 



Tt<Ot-OG<100©5lOt^C<I<©<»00 

• •••••••••*•• 

Oi i-i r-t Oi r^ 09^09 a> 1-n-t c:>T-^ 



rHoo<r>«o©1co^Oi>-iOosooop 
ooG^cooo^o«OQO^-t*oo(^^o5 

• ••••••••■••• 

OC^rH(NCO(NCQrHrHeOOrHiH 



00 
QO 
00 



s 



iot>i0coa)eooo03c^^r^oco 

• • • • ■ ••••■••• 

a500rHU30>t>'^l>>U'3CC>t>.000 



O00T*<t>«00i-HrHrHC0C0000>i^ 
05t>.CC ?OrHCOO»^"*<NCO<NCO 

• •••■■ ••••••• 

OOCO(NrH(N^COrHrH^rHC4 



o 
o 
o 


00 

1^ 


• • 
OQ 


t-l 




^ 


^ 


o 


o 


« 


^ 


rH 


Pi 


>»s 


TS 


^ 


•ti 


§ 


2 


o 


« 


43 

-*3 


&I. 



OB 

d 
o 



c3 

Q 






■»3 
QQ 



,0 






■ I 

OB 

i 



N. S. — VOL. XXIV. 



I 

•••••■•••••• ^pa 

F 



66 A CONTRIBUTION TO THE ETIOLOGY OF 

indication of any relationship between incidence and 
rainfall. While during April, May, and June the incidence 
of erysipelas is at its lowest, the rainfall for that quarter is 
generally exceeded by that of other quarters during the 
ten years shown on the accompanying Table. November, 
December, January, and February are the months during 
which the relative humidity of the atmosphere is at its 
highest, whereas erysipelas incidence in the Metropolis 
increases in September and October, and a rapid decline 
sets in through January and February. On the other hand. 
Dr. Longstaffs conclusion is supported by the fact that 
during the year 1893, a year of exceptionally high 
erysipelas incidence in the Metropolis, the relative humidity 
and rainfall were the lowest reco"i:ded during the ten years 
ending 1897. In conclusion, I may further state that we 
found it very rare for a case of puerperal fever to be 
preceded by a recent case of erysipelas ; and we concluded 
that the identity of the curves was best explained on the 
ground that the same circumstances and conditions are 
favourable to the appearance of both diseases, and that 
puerperal fever rarely (if ever) occurs in consequence of 
direct infection from erysipelas. 

Sir William Church (President of the Royal College of 
Physicians): You have called upon me to open this dis- 
cussion, which I think is rather hard upon me. I came 
here to-night as a guest, and really I had not thought 
of taking any part in the discussion. I felt certain 
that I should be greatly interested in this subject, which 
has had an attraction for me almost all my medical life. 
I was also quite sure that I should hear a most in- 
teresting Paper, and I have to thank Dr. Longstaff, in 
the names of all who have heard it, for the extremely 
suggestive and able Paper that he has placed before us. 
We have also the advantage of having these diagrams, 
which enable us to follow the whole of the Paper with 
great ease. 

I feel myself specially incompetent to speak upon this 
Paper — or, I might say, on any Paper of this nature. 
Whether or not there is something wanting in me I don't 
know, but I have always had a great dislike of statistics, 
and I have always had the greatest possible distrust of 
them. I have not the slightest distrust of Dr. Longstaff, 
but I have the greatest possible distrust of statistics, and 
I venture to say that, without the slightest wish or 
intention to detract from the value of them as far as 



RHEUMATIC FEVER. 67 

they go, or of the labour and care with which they are 
put together. 

It so happens that in another position — in a certain 
public position — T have had occasion to make a little inquiry 
into the value of medical certificates, and although I am 
wandering a little from the subject, Dr. Newsholme will 
uphold me when I say that you would be astonished if you 
knew the amount of error which is made by the very 
highest trained medical men in recording the causes of 
death. In the statistical investigations we have tried to 
make with regard to the incidence of cancer, we have 
found that the amount of error in the Returns is very 
much greater than anyone would suppose. The probable 
error is shown in this w'ay: We have taken the trouble 
to get statistics of " complete " cases of cancer (by " com- 
plete " cases I mean cases of cancer in which the patient 
has, after death, been submitted to a post-mortem exami- 
nation). In these the amount of error is very large ; and if 
it were possible to follow up those cases in which cancer is 
not available to direct examination, it would be still larger. 
It is probably the case that medical diagnosis is not very 
correct in most other diseases. 

One thing has struck m,e very much, speaking as a 
practical and hospital physician. Now, here is a whole 
series or class of diseases put down under the head of 
" Residual Rheumatism.'* I do not understand what resi- 
dual rheumatism includes in the slightest. Rheumatism, 
apart from pericarditis or acute inflammatory rheumatism 
of the heart or lungs, is not a fatal disease ; and with the 
exception of a small number of cases of hyper-pyrexia, 
acute rheumatism is not a fatal disease. Therefore, deaths 
that are due to residual rheumatism I imagine probably 
include a very large group, and a very wide group, many 
of which are due to senility and other causes. I fancy 
they have been put down as rheumatism on the death 
certificate when there has been no accurate knowledge of 
what death has been due to. Personally, I do not under- 
stand the group of diseases which is placed in the column 
"Residual Rheumatism" in the Registrar-General's Returns. 

I have paid some attention to rheumatism, or rheumatic 
fever, which I hold to be an entirely distinct disease from 
what is spoken of as rheumatism. We know that if we 
take unusual exercise we are the next day extremely stiff. 
Now, that sort of stiflFness, or pain very similar to that, is 
very often called, by the patient and by the doctor, 
rheumatism. I have had some experience in military 

F 2 
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hospitals and camps, and I have noticed that a large 
number of men come into the hospitals suffering from what 
is called rheumatism, especially when they are going 
through campaigns or any great stress of labour, but the 
majority of them appear to me really to be suffering rather 
from the effects of fatigue than from any direct disease. 

Then there was another point in Dr. Longstaffs Paper 
which interested me very greatly: he has not told us 
anything at all of the probable cause, that does not come 
within the scope of his Paper ; but acute rheumatism, or 
rheumatic fever, is an urban disease and not a rural disease ; 
and he remarks that rheumatism has gone up in South 
Wales, where there are large towns such as Cardiff, which 
has increased enormously in the years he has taken. He 
mentions also that Yorkshire is another place where it has 
rather increased. And here again you have a large number 
of manufacturing towns. 

As regards the allusion to Dr. Newsholme's work, I think 
there can be no doubt that rheumatism is associated with 
certain houses, but I cannot agree with Dr. Newsholme 
with regard to the condition of the subsoil having much to 
do with it, because rheumatism is particularly a disease of 
towns, where you have a large area built upon, drained, 
paved, and tunnelled, and there can be very little subsoil 
water. Almost all the water in the London area runs off 
the surface at once. 

I think the view is now generally accepted that rheuma- 
tism is due to an organic germ of some sort, but there is no 
disease in which there has been greater clinical confusion 
than in rheumatism and acute rheumatism. If you read 
the accounts of the great French physicians who described 
it, you can have no doubt that many of their cases were 
really cases of pyaemia. In the accounts of their post- 
mortems of the fatal cases, not only was the pericarditis 
purulent — which true rheumatism rarely produces — but 
a large number of them had purulent effusions into the 
pleurae. Continental physicians have always talked about 
pleurisy of rheumatic origin, which is a very unusual thing 
in this country. It is very seldom I have met with cases 
in which there has been pleurisy. You get cases in which 
there is pneumonia, and some of these may possibly be 
fatal : although one thing that is remarkable is that, how- 
ever much acute pneumonia you may have present in 
rheumatic fever, recovery generally follows. 

Therefore, I say, with regard to the statistical examina- 
tion of diseases like rheumatism, it is most difficult to 
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accept the conclusions drawn. It is not like fevers, in 
which, although there is a possibility of error, it is not 
great — :it is so very great in rheumatism. It is not so great 
in erysipelas, which is a more marked disease. Of course, 
we know there was great error at one time, before typhus 
and typhoid fever were well separated, but there is now 
little room for error in typhus fever, although plenty of 
room for error in typhoid : but still not so great room as in 
the various forms of disease which have in the past been 
confounded together as acute rheumatism. 

Then, I think that all physicians who have had much 
practice are convinced that there is some sort of connection 
between what is spoken of here as " rheumatic arthritis " 
and, I do not say puerperal fever, but a toxic condition 
which, very frequently does arise from the uterus. I have 
met with many cases, and I think all physicians agree that 
a good many of those distressing cases of rheumatoid 
arthritis that one meets with in women occur in those who 
have at some time — a few months before, or even a few 
years before — suffered from some uterine trouble or dis- 
charge, and that seems to be the point from which it 
started. 

Then, again, there can be no doubt you have added on to 
the effects of an attack of rheumatic fever on the valves of 
the heart — another cause of death. I cannot think that 
ulcerative endocarditis is only another stage of the same 
organism which produces rheumatic fever. What the 
organism is that produces ulcerative endocarditis I cannot 
say, but I think it is a distinct organism from that which 
produces rheumatic fever. I have myself had several cases 
in which one has got perfectly pure cultures of pneumo- 
coccVjS from cases of ulcerative endocarditis ; and further, I 
think the rheumatic fever produces a condition of the 
valves which becomes a nidus for another organism. That 
is, I think, the connection that exists between ulcerative 
endocarditis and rheumatism, which I look upon as being 
distinct diseases, and due to distinct causes. 

I am afraid I have not been able to make any remarks 
from the proper statistical point of view. I trust the 
crudeness of these remarks will be pardoned, as I did not 
come here prepared to make any remarks whatever. 

I am glad that Dr. Longstaff does not think that rheu- 
matism is a ^disease connected with damp and cold. I went 
at one time very closely into the Army statistics, although, 
• as I say, I distrust all statistics. I went very closely into 
them because I thought, Here you have a series of men who 
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have lived more or less under the same conditions in very- 
different climates, and they are all men at just about the 
most vulnerable time of life for rheumatic fever (or perhaps 
a little past it, as from 15 to 25 is the most vulnerable 
time). I went very closely into these statistics, and I 
found that India has a higher percentage of admissions to 
hospital for rheumatism than Ireland. Ireland, as we know, 
has a climate which is supposed to be damp, yet the 
percentage of men invalided from rheumatism is much 
lower than in England, especially in the Midland area. 
Scotland, again, has less than England, and I found that 
the north-east coast of England is freer from rheumatism 
than is the west coast. In those points I am glad to see 
that Dr. LongstaflTs figures support me. 

It seems to me that rheumatism is one of those diseases 
about which it is most diflScult to arrive at a conclusion 
from statistics. 

Dr. Newsholme : Mr. President and Gentlemen, — I think 
we shall all agree as to the great value of Dr. Longstaffs 
Paper, and I am sure we shall all join in congratulating 
him on the exceptional fact that at the end of twenty-five 
years he is able to brine: up to date the conclusions which 
he stated in the year 1880. 

These conclusions have necessarily been quoted by every 
subsequent worker on this disease and allied diseases, and 
will continue to be quoted. 

In speaking on the Paper, I must necessarily take up a 
somewhat critical attitude, but although that must be so, I 
am sure Dr. LongstaflT will not think I am merely carping : 
any more than the meteorologist can be said to be carping 
at the sun because he gives his attention chiefly to sun- 
spots. 

I must agree with what Sir William Church has said — 
that rheumatism is a disease concerning which statistics 
can mislead us. Of course, I refer chiefly to death sta- 
tistics. 

I am glad to see that one of the points Dr. Longstafi* has 
gone into confirms my own opinion, that the national death 
statistics of rheumatism, in view of the see-sawing which 
has taken place in the classification of deaths from this 
cause, cannot be trusted to any very great extent. 

I am bound also to agree partially with Sir William 
Church, though not entirely, as to the fallacy due to 
ulcerative endocarditis. I do not think Dr. LongstaflT has 
completely met Sir William Church's objection with regard 
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to this disease. Dr. Longstaff says that before ulcerative 
endocarditis was entered separately, it was entered when 
recognised under the head of valvular diseases, and not 
under rheumatism ; but that does not meet the point. In 
the past it was not recognised, and the point is : What was 
it entered under in those days ? Quite probably under 
'' Rheumatism of the Heart ;" and I think there has been 
confusion in the past between rheumatism of the heart and 
infective or ulcerative endocarditis. 

I do not think that Dr. LonorstafFs curves have the same 
value in relation to rheumatism as thej^ have in relation to 
scarlet fever, puerperal fever, and erysipelas ; because in his 
figures only the fatal cases are included, and the fatality in 
scarlet fever (until recently), and in puerperal fever and 
erysipelas, is much greater than in rheumatic fever. I have 
myself shown by statistics that the fatality in cases of 
rheumatic fever was only about 2 per cent, in Norway, 
where cases of rheumatic fever are compulsorily notified ; 
and Dr. Southey found that the fatality was only 1.12 per 
cent, in a long series of cases at St. Bartholomew's Hos- 
pital. It is clear, therefore, that we have to deal here with 
a disease the fatality in which is very low, and thus the 
mortality results must give a very imperfect idea of the 
prevalence of the disease. In the case of puerperal fever, 
the death returns form a much better index of the preva- 
lence of the disease than notifications. You will realise 
this more especially when I tell you that in my own town 
the apparent fatality of puerperal fever in some years is as 
much as 150 per cent., owing to imperfect notification ! 

A further reason for the lack of complete trust when one 
has to deal with rheumatism statistics is the fact that there 
has been discovered in recent years a remedy — Salicin, with 
its derivates — which, although not exactly a specific, is very 
nearly one. Owing to this fact, it is probable that there 
are now less deaths from rheumatism for a given number 
of cases than formerly, with the result that something has 
to added to the mortality curve now as compared with the 
past. Until we get a general notification of cases of 
rheumatic fever, I do not think there is any possibility of 
our being able to completely investigate the natural history 
of this disease, which, in my opinion, is scarcely second in 
importance to consumption itself. 

My third objection is that Dr. Longstaffs curve deals 
with the whole of England and Wales. It would have 
been better, I think, if he had given it for London alone ; 
because, by giving a curve for the whole country together 
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one tends to fuse the individual epidemic peaks for different 
parts of the country, which do not necessarily occur in the 
same year in all parts of the country. For instance, take 
the curve for London, and compare it with the curve for 
England and Wales as a whole. The maximum number of 
deaths from rheumatic fever in London alone occurred in 
1868, whereas the maximum number for the whole country 
occurred in 1869, and similarly the next maximum occurred 
in 1874 in London, and in 1875 in the country as a whole. 
I was able to show (and, I think, conclusively) by hospital 
records in London that the maxima in the big epidemic 
of 1874 to 1876 were reached in different parts of London 
in different years. The maximum number of cases at 
University College, for instance, was reached in 1876, two 
years later than that of some other parts of London. 
Similarly in the case of diphtheria, different boroughs in 
London had their maxima in different years ; and some of 
them suffered from relapses of epidemic diphtheria just as 
individuals suffer from relapse of personal infection. The 
same thing is shown in the statistics of Norway. The 
statistics of Christiania differ from those for the whole of 
Norway, the maximum number of cases of rheumatic fever 
being reached at an earlier year in the capital. 

For these various reasons I do not think death statistics 
altogether trustworthy for rheumatic fever. 

I may point out that the county death-rates given in 
Dr. Longstaff's Paper are crude death-rates, which the 
Registrar-General has largely abandoned in his reports, and 
that is very important. Also, Dr. Longstaff has not obtained 
some of the lessons which might have been obtained if he 
had given each county separately, instead of taking larger 
divisions. He classes together the whole of Yorkshire. 
His main hypothesis has been that the amount of rheuma- 
tism has been inverse to the annual rainfall. That being 
so, is he likely to bring it out by classing together the East 
and North Ridings, which are comparatively dry, with the 
West Riding, where the rainfall is excessive ? In my 
statistics, taking rheumatic fever in the whole country as 
100, in the West Riding the corrected death-rate was 114, 
in the East Riding, 85, which is a very marked difference. 

Then, again, I think that an average death-rate for a 
series of years is open to objection when dealing with an 
epidemic disease. Such a method tends to behead the 
peaks of the epidemics, and to elevate the valleys, and 
generally to conceal the true incidence of the disease. It is 
true that thus one gets larger data to deal with, but one loses 
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the epidemic incidence of the disease. (I am now referring 
to geographical distribution, in connection with which 
alone Dr. Longstatf uses this method.) 

Although the death-rates do bring out many points, 
which Dr. LongstafF has taken full advantage of, what is to 
be learnt about rheumatic fever cannot be learnt from 
death returns alone. I have shown that epidemics of 
puerperal fever and erysipelas are much less protracted 
than those of rheumatic fever. This is particularly well 
shown in the Norwegian figures. The smallest epidemic of 
rheumatic fever corresponds with fhe largest epidemic of 
erysipelas, and vice versd. It is shown also in the Berlin 
figures, which I gave in the Milroy Lectures. 

Another important thing is brought out by cases as 
distinct from deaths. I worked out the statistics of 
62,834 cases of rheumatic fever and 41,537 cases of 
erysipelas in Norway. In erysipelas the percentage of 
total cases occurring under fifteen years of age was 15.1, 
and in rheumatic fever, 15.3. I think that is a striking 
proof of, if not actual identity, a close connection between 
these two diseases, which is one of Dr. Longstatf*s main 
points. 

In view of these striking resemblances, it is not sur- 
prising that some of the old clinicians properly regarded 
rheumatic fever as an epidemic disease. Trousseau illus- 
trated this in his work ; and the greatest statistician of the 
last century — I refer, of course, to Dr. Farr — in his fourth 
Annual Report, definitely and distinctly classified rheuma- 
tic fever among the zymotic diseases; but the Royal 
College of Physicians, in their nomenclature, relegated it to 
a place between pellagra and gout, where it still remains. 

I have referred to the necessity of taking case-rates 
instead of death-rates. I will take scarlet fever as an 
instance. I venture to suggest that if Dr. Longstaff had 
taken Sir Shirley Murphy's curve of cases for the last ten 
or fifteen years in London, he would have found a closer 
approach to an inverse relationship between scarlet fever 
and rainfall than is shown when only the death-rates are 
taken. Some unknown cyclical factor has diminished the 
death-rate of scarlet fever, which has not lowered the case- 
rate to the same extent ; and it is necessary, therefore, to 
work in this instance with cases. 

Then, again, I should like to point out that in his chief 
curve, Dr. Longstaff has taken the rainfall of Greenwich, 
and compared it with the rheumatism mortality of the 
whole country. In other cases he compares the rheumatism 
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of certain divisions of the country with the rainfall in 
selected towns in these divisions. As already seen in the 
case of Yorkshire, it is doubtful if this does not partially 
conceal the point to be elucidated. 

I venture to refer to one personal point. Dr. Longstaff 
quotes me as saying that rheumatic fever is *' essentially a 
soil disease/' and adds that I " therein compared it with 
malaria.'' I suggest that it would be more correct if he 
would delete the word " compare" and substitute the word 
" contrast." The main essence of my labours on this point 
was to contrast rheumatic fever and malaria : because 
although rheumatic fever and malaria are both in a sense 
soil diseases, they are the exact antithesis of each other, as 
regards the soil conditions in connection with which they 
occur. I may quote my own words in this respect (Lancet, 
p. 664, March 16th, 1895) :— 

" Alterations of drought and moisture with a a moderate- 
ly high temperature seem most favourable to malaria; 
whereas rheumatic fever is most abundant when the de- 
ficiency of rainfall has been exceptionally protracted, and 
has produced a marked and exceptional drying of the sub- 
soil." 

May I refer to the dead who have done so much to 
advance our control over this disease, particularly to Dr. 
Maclagan, who argued that since rheumatism occurs (as he 
thought) generally in damp and low-lying places, the 
remedy was to be sought for in the same situations. He 
came to the conclusion that the willow would probably 
contain a remedy, and by following up this hypothesis, he 
actually obtained the remedy — Salicin — which has done 
such wonderful things in relieving suffering humanity. I 
wish that some distinguished physician would take up the 
subject of the discoveries of empirical medicine, and 
suitably immortalise those discoveries which, although 
based on imperfect — or even erroneous — pathology, have in 
some instances done more for the relief of suffering than 
has been achieved in other instances by scientific medicine. 

It is now certain that the assumption on which Dr. 
Maclagan proceeded was not a correct one. It is equally 
certain that the statement which is still embodied in im- 
portant text-books, that rheumatism evinces " a preference 
for damp and deeply-cleft valleys" is erroneous ; but it is 
also true that on this erroneous basis has been built up one 
of the most important therapeutic cures which we possess. 

I venture to allude to Sir William Church's views with 
regard to the non-relation of subsoil conditions to rheuma- 
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tic fever. I think he has misapprehended me. He has 
alluded to the fact that in London there can be no rela- 
tionship between subsoil water-level and the prevalence of 
rheumatism, as I have contended, because, owing to 
drainage, tunnelling, etc., there can be little or no subsoil 
water under London. That may be so ; no more is there 
under Ohristiania, for which place also I have given 
extensive statistics. But my contention is that the level 
of the .subsoil water is merely an index, and I believe the 
most perfect index we have : much more so than the inverse 
rainfail. The same conditions may obtain in the absence 
of the subsoil water as in its presence : just as the works of 
a clock may still go on even if the hands are removed. The 
hands of the clock are represented by the subsoil water, 
which is a very convenient index ; but the dry and warm 
condition of the soil favouring rheumatic fever may be 
there, even in the absence of the index. 

I have never committed myself to a purely miasmatic 
theory of rheumatic fever, but have contended that a 
certain stage of the life-history of the rheumatic fever 
organism is passed in the soil. I can best summarise my 
views by the following quotation from a contribution in the 
Practitioner for January, 1901 : — 

" It seems most feasible to regard rheumatic fever as essentially a soil 
disease, due to a saprophytic soil organism, which is ' drowned out' in wet 
years, multiplies rapidly in dry years, and is transferred to the human 
recipient by unknown means. Possibly dust convection accounts for a large 
proportion of the cases. In dry years the number of contagious particles is 
probably increased, and the facility with which they are communicated to the 
human subject is similarly increased. In the light of our recently-acquired 
knowledge of the methods of infection in malaria, it is not perhaps too 
far-fetched to surmise that inoculation of the contagium of rheumatic fever 
may be caused by domestic vermin, or that the house-fly may convey it to 
milk or other foods. Perhaps bacteriology will in a few years be able to 
throw important light on what, for want of more accurate knowledge, can 
at present be only guessed at." 

I am perfectly aware that both Dr. Longstaffs investiga- 
tions and my own deal only with secondary causes — the 
real cause being some micro-organism. But in getting at 
the facts which will enable us to prevent the spread of a 
disease, it sometimes happens that we are able to discover 
and counteract the general conditions which favour the 
prevalence of the disease, more easily than to prevent the 
action of the micro-organism itself. Moreover, we cannot 
be said to know the natural history of any disease until 
we know not only the causa causans, but also those 
efficient causes, such as climatic conditions, in the absence 
of which the disease does not become epidemic. 
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Dr. Hamer : Mr. President and Gentlemen, — There is 
only one point I should like to speak upon, and that is the 
measure of importance to be attached to the phenomenon 
upon which, in his characteristic manner, Dr. Longstaff 
lays the very smallest emphasis possible, namely, the cor- 
respondence between rainfall fluctuations and fluctuations 
in mortality from certain diseases in the later period of 
years. It does not seem to me remarkable that the corre- 
spondences should be less marked in the later perigd than 
they were in the earlier one. On the other hand, it would 
have been indeed remarkable if those correspondences had 
been as conspicuous in the latter as in the former. 

What we have to recognise is this : I read, the other day, 
a statement made by a distinguished epidemiologist, to the 
efiect that the powers of Nature are such that she does not 
permit phenomena to originate from isolated causes. 
Bearing that in mind, we have to recognise that these great 
waves of scarlatina mortality in the 'sixties and 'seventies 
were not entirely due to rainfall, or to any single cause 
of that kind, but were due to a number of causes, of 
which this meteorological cause was undoubtedly one. It 
is only rarely that the opportunity is aflforded of seeing the 
effect of some particular force, and of thus being enabled 
to draw the conclusion that it is in operation. As the 
result of the inter-play of forces, there is, however, at rare 
intervals, thrown, as it were, into prominence, a set of facts, 
such as that with which Dr. Longstaff* had to deal, and 
from which he was able to draw conclusions as to particular 
cause and effect relationships. Such a set of facts is cast 
up like wreckage along the shore, which tells in a most 
imperfect way of what has been happening in the mighty 
deep itself, and of the inter-play of forces that has there 
been going on. 

Dr. Longstaff* has pointed to the year 1893, in the second 
series of years, as being one in which there was a moderate- 
sized peak corresponding to low rainfall. There was some- 
thing of the same kind in 1887; and if Dr. Longstaff's 
inquiry had extended to quite recent times, the year 1903 
would, no doubt, have also been referred to, for in that 
exceptionally wet year the number of admissions to London 
fever hospitals fell to a marked extent. 

Dr. Bond : I do not know that I have anything of im- 
portance to say. I was struck, in Diagram C, with refer- 
ence to the average weekly deaths in the different months. 
This diagram gives the average deaths from rheumatic 
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fever, erysipelas, and puerperal fever during the twenty 
years 1880 to 1901, and it shows there has been a greater 
number of deaths in the winter months than in the other 
months of the year. For instance, from October to February 
the numbers are highest. That seems to show that cold 
has some effect, because the winter months are the coldest 
in the year, and if you look at the peaks they are all in 
those months. The curves all rise above the mean in the 
month of October, and go down in the months of February 
or March, and remain below the mean until October. 

Dr. J. T. 0. Nash : The value of Dr. Longstaff^s Paper 
is emphasised by the criticism of Sir William Church and 
Dr. Newsholme. 

I have no critical remarks to offer, but I should like to 
say that a point which interested me greatly is the support 
which Dr. Longstaff's researches appear to give to the 
doctrine of evolution as applied to pathogenic organisms 
and disease-processes. 

Even in his original Studies in Statistics, so long ago as 
1880, Dr. Longstaff could trace and demonstrate certain 
striking points of resemblance in the natural history of 
certain infective diseases, which can be easily differentiated 
when they present themselves as definite specific clinical 
types, answering to the names of erysipelas, puerperal 
fever, scarlet fever, and rheumatic fever. When, however, 
less typical cases present themselves, diagnosis between 
these various so-called " specific diseases" becomes less 
dogmatic. 

What evidence bacteriology has to offer up to the present 
time in connection with these infective processes is in 
favour of Dr. Longstaff's conclusions, that erysipelas and 
puerperal fever "are both due to one poison." Similar 
evidence is available as regards, scarlet fever and rheumatic 
fever. 

Streptococci are the organisms which appear to be 
causally related to all of these diseases. 

It may readily be conceived that the original organism, 
in the course of the vicissitudes of its descendants, met with 
varying evolutionary conditions of existence, giving rise 
to varieties and strains, some of which approach specificity, 
and tend to breed true fairly permanently; giving rise 
in turn to definite combinations of clinical symptoms 
suflSciently distinctive to form clinical entities. But all. 
the time there may be a distinct relationship, as I have 
tried to describe it. 
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The President : I must now ask Dr. Longstaff to reply. 
We have had a most interesting discussion, and I personally 
do not feel disposed to add more conundrums for him to 
answer, nor do I wish to anticipate what he will have to 
say in his reply. 

My own feeling goes with Dr. Longstaff in the point to 
which criticism has been chiefly directed, and I am re- 
minded of the dictum that while you can prove anything 
by statistics, you can prove nothing without them. I 
admit that there is considerable doubt as to the accuracy of 
many of the individual death certificates which form the 
basis of the Registrar-Generars mortality statistics. But 
to assume that collectively they are untrustworthy, and 
that the failures in diagnosis or statement are fatal to any 
broad conclusions on a statistical basis, is a very different 
matter. The mortality graphs — of age, season, and yearly 
totals — which Dr. LongstaflF has worked out, appear to me 
to be too characteristic and orderly to fail to carry con- 
viction as to their substantial accuracy. Thus the age 
graph of fatal rheumatism, after removing from that vague 
class rheumatic fever and endocarditis, which are definite 
enough, conforms closely with that of gout : a result in 
harmony with probability, and of no small interest and 
importance. 

I am glad that Dr. Longstafi* went outside his primary 
subject of acute rheumatism, and told us something of the 
recent history of other diseases, particularly of scarlet 
fever, the prevailing type of which has undergone im- 
portant changes since the period with which he dealt in an 
earlier Paper. If statistics of cases were taken, possibly the 
remarkable inverse relation to rainfall would be found to 
exist still. Some years ago, I had occasion to examine in 
some detail the mortality curve of scarlet fever, and came 
to the conclusion that, apart from any relation to rainfall 
that might determine the highest or lowest points of the 
curve, a change in the type of the disease had a great deal 
to do with the general tendency to rise and fall at intervals 
of about five years, the years of high death-rate being also 
those of high case-mortality. In recent years, when the 
rhythmic curve formerly characteristic of scarlet fever 
mortality has disappeared, and with it the former parallel 
curve of case-mortality, the relation to rainfall has dis- 
appeared too, and the mortality is persistently low. What 
all this means I do not profess to know, but one thing is 
certain, viz., that the relation to rainfall demonstrated in 
former years was a real one, and I cannot but believe that 
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in some way or other it is at work still. Whether the 
death statistics are now too small to bring out this relation, 
&r whether shorter periods, of a month or a week should 
be compared, or whether the number of days of a certain 
degree of wetness would afford a better clue than the total 
amount of rainfall, or whether it is some other condition, 
such as humidity of air which rainfall connotes, I have little 
doubt that if the right detail could be followed, we should 
find that the relation to rainfall exists in one way or 
another at the present time. And possibly, if we could 
find a better statistical measure of the quality of scarlet 
fever than mere case-mortality, something of the old 
rhythm might still be traced. 

On your behalf, and on behalf of the Society, I want 
to tender our cordial thanks to Dr. Longstaff for his 
excellent and instructive Paper, which has led to one of the 
most interesting discussions we have had before this Society. 
We owe him a great deal for the lessons he has taught us 
in the past as well as in the present, and for demonstrating 
the right way to handle mortality statistics so as to get the 
most good out of them. And I wish to thank him also for 
putting before us, at very considerable trouble and expense, 
these admirable diagrams, which are models of clearness. 

Dr. Longstaff: Mr. President, Sir William Church, 
and Gentlemen, — I am very much obliged for the kind way 
in which you have taken what I had to say to you. There 
is one thing, at all events, that you have done if you have 
not exactly encouraged me ; you have at least opened to 
me large avenues of work for the future. 

In reference to the powerful criticisms of Sir William 
Church, it is very difficult to answer them in a few remarks ; 
but my position in this matter is a peculiar one, one which 
has its happy side and its painful side. Of course, when a 
distinguished physician gets up and talks about his 
experiences, a man with none feels that he ought to take 
a back seat ; but there is, perhaps, a point from which 
medical questions may be approached by those who are 
outside, without attempting in any way to encroach upon 
the sphere of the clinician. Out of the large total of certi- 
ficates given as to the cause of death, naturally there are a 
large number which cannot be trusted, and allowance must, 
no doubt, be made for a large margin of error. No doubt a 
good deal of distrust is felt with regard to these statistics ; 
but that distrust is partly a matter of taste : many people 
have not the taste to go into them. They have not the 
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characteristic of liking statistics, and those of us who like 
them are few. But I think if Sir William Church had 
spent the same amount of time, and done the same sort of 
work upon these statistics of the Registrar-General as I 
have, he would have somewhat more faith in them. The 
impression produced upon my mind as the result of my 
investigations is that the collective general practitioner is 
not such a fool as the public often think he is. And I 
have come to that conclusion for such reasons as this : — 
in spite of the natural confusion that may arise between such 
causes of death as pneumonia, bronchitis, and phthisis, and 
in spite of apparent carelessness in diagnosis, I nevertheless 
find that when you take the total results from week to 
week, or from year to year, that these three different 
causes of death obey entirely different arithmetical laws. 
It is quite evident that, in spite of a very large percentage 
of error, we do find that the figures given for these three 
great causes of death follow entirely different laws. 

When I began my work, my first plan was to plot out 
causes of death from year to year, and compare them two 
and two together without any hypothesis at all. I counted 
to see whether the coincidences were more numerous than 
the discrepancies. I had made many hundreds of these 
comparisons, until one night, about twenty-five years ago, 
just when I was nearly asleep, I was suddenly startled to 
find that two curves almost absolutely coincided. What, 
then, were the two causes of death whose curves thus 
coincided ? They were apoplexy and mortification. I then 
placed these curves beside my meteorological curves, and 
found that they both agreed very closely with the curve 
representing cold winters. What is the explanation ? In 
both diseases you have arteries giving way under extra 
stress : the largely increased blood pressure causes internal 
haemorrhage in the one case, while in the other congestion 
due to cold, coupled with the diseased state of the vessels, 
causes gangrene. I think this remarkable coincidence is 
one striking proof that there is a great deal in the Registrar- 
GeneraFs returns. 

The difficulty of dealing with rheumatism is, it seems to 
me, only a fresh incentive to try and get something out of 
it. It would be impertinence for me to say that I agree 
with Sir William Church's pathology, but I do entirely 
agree that great confusion exists with regard to rheumatism. 
I have, however, tried to show you that when rheumatism 
is separated into two classes : when the Registrar- General 
separated from rheumatism, first, rheumatic fever and 
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rheumatism of the heart, the new group gave a curve 
which showed the same characteristics as the original 
curve, but accentuated. Then, when Dr. Ogle comes upon 
the scene, and transfers acute rheumatism to the said 
group, I find the curve becomes more defined, and the 
curve of what is left behind becomes less defined ; so that it 
seems evident that we have got somewhere near to the 
facts. 

What I have called " residual rheumatism" is a hopeless 
thing to tackle. It includes all that is left behind after 
you have separated all the elements that you can separate. 
There is well-founded evidence to show that much of this 
is really gout. It is well known that these words : " rheu- 
matism," " gout," and " rheumatic gout," are very loosely 
used. I think, too, it is very likely, as Sir William Church 
remarks, that senility would account for a great many of 
these deaths ; in that I am entirely at one with him. 

As to rheumatism being a zymotic disease, we now know 
that in the case of ague the proximity of man to man is 
extremely important, and that although the disease is only 
found in the neighbourhood of swamps and marshes these 
are not the cause of the disease ; the explanation being 
that the mosquito is only a feeble flyer, and cannot carry 
the poison any great distance from one man to another. 
Some explanation of the same kind may yet be found in 
the case of rheumatism. 

Sir William Church will be glad to know that, some time 
ago I investigated the statistics of pleurisy, with a view to 
a comparison with rheumatic fever, and found no resem- 
blance between them. 

As regards ulcerative endocarditis, having no personal 
opinion in the matter, I should agree in the suggestion that 
it is due to some secondary poison. It appears that public 
opinion trends in the direction that various infective levers 
open the door, so to speak, to a secondary infection, which 
may be the actual cause of death. 

Dr. Newsholme's criticism is much more diflScult to 
meet, because he has gone into statistical inquiries very 
closely, and I only regret that I have not been able to 
cover as much ground. I had no intention whatever of 
implying, by my use of the word "compare," that Dr. 
Newsholme considers malaria and rheumatic fever to be 
alike. I do not think there is any grammatical impro- 
priety in " comparing " things which are diflferent. " Con- 
trast " is a result which may come after things have been 
compared or set side by side. 

N. S. — VOL. XXIV. G 
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. I should just like to explain what I mean with reference 
to the progress of our knowledge dealing with rheumatism 
as it has done with ague. I think, to a certain extent^ it 
has already done so. It used to be considered that malaria 
was due to dampness, which we now know to be only 
a secondary and not the prime cause of the disease, and 
the diflFerence is a very important one. 

As to the geographical divisions which I have taken, it is 
quite true that there are disadvantages in dealing with the 
whole of England and Wales, but there are also advantages : 
you get larger numbers, and also you are able, I think, to 
get certain ideas as to the general prevalence of the disease 
— in fact, you ought really to deal with it in both ways at 
once. I think there are more dangers in putting side by 
side the statistics of different countries for one disease than 
there are in putting side by side the statistics for various 
diseases in one country. For example, I remember some 
time ago, when investigating the statistics of epidemic 
diarrhoea, some figures were published in reference to the 
occurrence of that disease in New York. Now, the climatic 
conditions of New York are so totally different from those of 
this country that the maximum of the periodic curve occurs 
at quite a different time of the year, and the comparison is, 
therefore, apt to be misleading. It is better, for instance, 
to compare the statistics of rheumatic fever in Christiania 
with the behaviour of other diseases in Christiania than to 
compare rheumatic fever in Christiania with rheumatic 
fever in London. 

Someone spoke in reference to this week-by-week 
variation. My own view of the relationship of this disease 
to wet or dry conditions is not that it is a question of week 
to week, but rather of the whole season. In that respect, 
I quite agree with Dr. Newsholme's measure of ground 
water. Ground water has been badly treated. I am glad 
that Dr. Newsholme considers it as a kind of barometer, 
having no value in itself. 

It appears to me that if you look at these curves — take 
the top curve for rheumatic fever in 1893 — this will serve 
as an answer to what Dr. Bond said about a higher 
mortality curve in the winter. If you take this epidemic 
curve, it begins to rise in June, and it goes on rising all 
through the summer, and attains its maximum in Novem- 
ber. Such a disease is not a winter disease, it is rather an 
autumnal disease, due to some factor which is not imme- 
diately removed at the end of the season. We assume that 
it is due to some infective poison which gets to its maximum 
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in November, and then begins gradually to die away. 
Now, if you will compare that with such a disease as 
bronchitis, which is a winter disease, you will find that the 
rise occurs very much later, and that the maximum is 
reached in January or February, during the coldest part 
of the year. In the case of the twenty years' average also, 
the maximum for rheumatic fever is in November : it tails 
off. and falls during the cold. It does not rise during the 
cold. 

I should like to call Dr. Bond's attention to the curve at 
the foot of Diagram C, which shows that gout attains its 
maximum in January, and diminishes slowly through the 
spring— that is what I call a winter disease. 

I had forgotten the story about the discovery of SaliciiL 
It is cariouf that it should have been found in Jlaces where 
we now know that rheumatism is not necessarily to be 
found, and which we do not connect with rheumatism. It 
seems to be the same with Cinchona. I have not myself 
seen Cinchona growing in Peru ; but in the Nilgiris and 
on the Himalaya, near Darjiling, I have seen it growing on 
the most healthy spots, far up the mountain sides, far away 
from malarial regions. 

I am aware that there is some disadvantage in dealing 
with deaths and not with cases, but still there is something 
to be learnt from the deaths, and I am simply anxious to 
show this. I am much gratified to find that my Paper has 
given rise to so much criticism. I think that does great 
good. 

It would take a very long time even to attempt to reply 
to the many criticisms, and it would be somewhat diflSicult, 
because to a very large extent I agree with those criticisms. 

Dr. Nash's contribution to the discussion is most in- 
teresting, showing as it does that my figures are in general 
accord with recent pathological investigations. 

In conclusion, I shall be very glad if any work I have 
done leads to further study of the Registrar-Generars 
certificates in the future by more capable observers. 
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{Head: Friday^ February 17th, 1905.) 

My first duty is to express my sense of the honour conferred 
on me by the Epidemiological Society in asking me to come 
forward with a paper on " The Relation of the Protozoa to 
Disease." This I do most sincerely and heartily. The 
complexity of the subject, and the energy with which it is 
being investigated by numerous workers all the world over, 
make an adequate presentment of our knowledge of it, a 
task of no little difficulty. In undertaking it, however, 
there are two circumstances in my favour. In the first 
place, I selected the " Parasitic Protozoa" as the subject of 
a Presidential Address delivered about three years ago, 
when I first took the chair as President of the Pathological 
Section of the Royal Academy of Medicine (1) in Ireland. 
In that address I precised, so L a^ lay in m^ power, the 
then state of our knowledge of the subject. This makes it 
all the easier for me to chronicle on the present occasion 
the advances that have been made during the three years 
which have since elapsed. In the second place, the position 
from which I deal with the subject is not that of an in- 
vestigator, but rather that of an interested onlooker. The 
concentration of all the faculties upon some one aspect or 
department of a subject, necessary as it is for the advance- 
ment of science, may in some cases engender a one-sided or 
distorted view of the relative importance and mutual inter- 
relations of the several branches of that subject. Questions 
as to priority of new discovery, too, often arise amongst 
workers, and produce a spirit which is occasionally the 
reverse of scientific. When a general account of a large 
subject is required — which I conceive to be the case to- 
night — the attentive and interested student, with adequate 
biological training and access to the literature of the subject, 
is, I believe, in at least as favourable a position for giving it 
as one who is actually engaged in research. It is from the 
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standpoint of an onlooker, therefore, that I propose to-night 
to take a survey of the advances made during the past three 
years in our knowledge of the disease-producing Protozoa. 
The outcome of these advances is twofold. They reveal, 
in the first place, a complexity of reproductive phenomena, 
quite surprising in such lowly creatures, and constituting a 
wealth of detail, selection from which is one of the most 
difficult parts of my task; and, in the second place, an equally 
surprising parallelism in the developmental cycle of forms 
which at first sight seem far removed from one another. 

It will be remembered that the Protozoa, or One-cell 
Animals, are divided into four classes : the Rhizopods, the 
Sporozoa, the Flagellates, and the Infusorians. The Rhizo- 
pods are the lowest, comprising mainly Amoebae — shapeless 
masses of protoplasm. The only one of these which interests 
us to-night is Amoeba Coli. 

Many kinds of Amoeba occur in the human intestine. 
Just as the spores of many of the higher fungi, when 
placed in suitable nutritive conditions, pullulate in the form 
of yeast-cells, and can only be distinguished from genuine 
yeast by a study of their development, so it would appear 
that of the many kinds of Amoebae occuring in the intes- 
tine some are genuine, viz., the vegetative stage of Rhizo- 
pods, whilst others are only Amoeboid stages in the develop- 
ment of higher forms, such as Trichomonas, Larablia, and 
other Infusorians. Genuine Amoebae are divided into 
those provided with a shell — Thecamoebae, and those that 
are naked — Gymnamoebae. At least one of the former and 
two of the latter sort are now known to occur in the intes- 
tine. With the representative of the Shell-Amoebae, 
Chlamydophrys stercorea (Cienkowski), and its complicated 
life-history,* we need not now concern ourselves, as its habit 
appears to be purely saprophytic. The two naked forms 
of Amoebae are genuine parasites. One of them is harm- 
less and the other is one of the most dangerous of patho- 
genic Protozoa. For reasons based on the laws of zoologi- 
cal nomenclature, the former, which has hitherto been known 
as Amoeba Coli (Losch), has been re-named Entamoeba 
by Schaudinn. The second, hitherto called Amoeba dysen- 
teriae by such authors as admitted its existence (Council- 
man and Lafleur, Kruse and Pasquale, Koch, Jaeger, and 
others), has for the same reason been re-named by Schaudinn 
Entamoeba histolytica. Schaudinn (2) found out how to 
distinguish the harmless Amoeba from the dangerous one. 

* For an account of which see Schaudinn *8 paper in vol. xix of the ArheUen 
au8 dem kaiserL GesundMiUamU^ p. 560. 
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The life-history of these Rhizopods is more complex than 
was at first suspected. Entamoeba Coli occurs very fre- 
quently in the faeces of healthy persons, as was first dis- 
covered by Grassi. In East Prussia it occurred in half the 
individuals examined by Schaudinn ; of Berliners he found 
that only 20 per cent, harboured it, whilst at Rovigno, in 
Istria, it occurred in two-thirds of the persons examined. 
It is a shapeless mass of protoplasm, not showing a well- 
marked distinction into clear ecto- and granular endo- 
plasm, and possessed of a large and distinct nucleus. The 
obstacle to finding it in the healthy faeces is that its ^a&^^a^ 
being in the upper regions of the colon, its vegetative 
stages die out as the intestinal contents become firmer on 
their way down. If, however, their downward course be 
hurried, then the Amoebae can readily be detected. To 
Schuberg (3) belongs the credit of showing that saline 
purgatives, by producing liquid motions, enable the 
Amoebae to be detected, in healthy persons. The Amoebae 
have two distinct cycles of development : one vegetative or 
asexual, taking place in the naked state, the other display- 
ing a primitive but unmistakeable form of sexuality, and 
occurring inside of a capsule resembling an egg-shell and 
termed a cyst. In the vegetative form, the Amoebae either 
simply split in two, or their nucleus divides into eight 
daughter-nuclei, each of which takes a portion of the 
protoplasm so as to form a characteristic brood of eight 
young Amoebae, which come apart. In the other, or sexual 
cycle, the AmcelDa rounds itself ofl^, comes to rest, contracts, 
and surrounds itself with a gelatinous coat which becomes 
the cyst- wall. The two nuclei, after undergoing reconstruc- 
tion and chromosomic reduction, divide into halves, which 
copulate, so as to form two fresh nuclei, each containing 
half of the two parent-nuclei. Each of these copulation- 
nuclei now divides twice, and the divisions form eight 
young Amoebae, which, however, cannot leave their cyst 
until it has been taken in by a new host, and has had its 
wall softened in the stomach and duodenum. The resem- 
blance in general outline to the developmental process of 
the Sporozoa will be at once manifest : asexual swarming 
in the primary host till it is exhausted or conditions become 
unfavourable; then sexuality with cyst-formation and 
change of host. The details are different ; the underlying 
idea, so to speak, is the same. 

• Let us now take a glance at the pathogenic rhizopod 
Entamoeba histolytica. Its vegetative stage differs from 
that of the non-pathogenic Entamoeba Coli in, firstly. 
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possessing a clear, tough, outside layer or ectoplasm which 
enables it to penetrate between the epithelial cells, and, 
secondly, in not possessing a distinct, well-defined nucleus. 
Its tough ectoplasm enables it to force its way into the 
deeper layers of the mucous membrane, where it multiplies 
and forms the undermined ulcers which are so characteristic 
of tropical dysentery, and are readily distinguished from 
the diphtheritic appearance presented by the bacillary form 
of the disease. Schaudinn (4) has actually observed these 
AmcbbsB in scrapings of the freshly-excised bowel of the 
experimentally-infected cat, crawling around for hours and 
pushing in between the epithelial cells. The two sorts 
of Amoebae differ also in their reproduction. The pathogenic 
form, in its vegetative stage, divides into two, or forms 
new individuals by budding. Brood -formation does not 
occur. The process of encystment is also quite different. 
It comes on when the patient is beginning to recover from 
his attack of dysentery and the faeces are becoming solid. 
The nucleus gives up most of its chromatin in granular 
form to the plasma, and its remains are expelled. The 
plasma now projects from its surface a number of little 
knobs, each containing a particle of chromatin, and 
measuring from three to seven micra in diameter. These 
break off* after a while, and each becomes vsurrounded by 
a capsule which ultimately becomes quite brown, hard, and 
opaque. These " spores " are then expelled with the faeces, 
and serve to infect a fresh host. It will be seen that the 
indications of a sexual process are much less distinct in this 
species, owing perhaps to the difficulty of ascertaining 
precisely what goes on during the maturation of the minute 
spores. 

In my Address, already referred to, I spoke of the r6le of 
Amoebae in the following terms : — " The general conclusion 
to which I incline, after a careful survey of the literature, 
is that the Amoeba Coli is, in all probability, either wholly 
or partially responsible for the causation of one form of 
dysentery — that which is termed 'tropical,' and is not ende- 
mic in this country." Subsequent investigation has borne 
out this view. One of Schaudinn's experiments seems quite 
conclusive. He allowed a small fragment of faeces from a 
case of dysentery, contracted in China, to dry in the air, 
suspended it in water, made a number of slide and cover- 
glass preparations, and by searching them systematically 
throughout on the mechanical stage, he satisfied himself 
that they contained nothing resembling the cysts of 
Entamoeba Coli, but only the small brown spores of E. his- 
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tolytica. Of course there were no free Amcebse, as these had 
been destroyed by drying. The cover-glasses were then 
removed and the fasces washed off with clean water, made 
up to about 1 cc, and administered with meat and milk to 
a young, healthy cat, the fseces of which had been proved 
by careful examination to be free from Amoebae and their 
cysts. Three days afterwards, the cat began to pass slimy 
faeces, streaked with blood. These were found to be 
swarming with the typical Entamo&ba histolytica. Next 
day the animal died of dysentery. The autopsy showed 
characteristic ulceration of the large intestine, with 
crowds of Amoebae in all stages of penetration into the 
intestinal wall. There were, of course, no cysts, the animal 
having died in the acute stage of the disea.se. In order to 
see whether the Amoeboid stage could propagate the disease, 
Schaudinn administered large quantities of this faecal 
matter to another cat. It remained quite healthy. Its 
faeces were examined for four weeks, and no Amoebae were 
detected. It was then given a small portion of the same 
dried-up cyst-containing faeces from the Chinese case that 
been used in the other experiment. Within six days. 
Amoebae appeared in the faeces. This cat, which was older 
and stronger than the previous one, developed dysentery, 
and died of it in about a fortnight. From this it would 
seem that the Amoeba-stage introduced by the mou this not 
capable of producing infection. The older experimenters, 
from Kruse and Fasquale onwards, had often succeeded in 
producing infection by introduction of Amoebae per rectum: 
and Jtirgens (6) has again successfully performed the ex- 
periment. This rectal transference can, however, hardly be 
realised under natural conditions ; and, accordingly, it is to 
the dried-up cyst-containing faeces present in dust and 
water that we must look for the propagation of dysentery. 
Whether the Amoebae contained in the faeces from the acute 
stage will, if gradually dried, become converted into cysts 
outside the body, or whether the Amoebae that are going on 
to cyst-formation receive their impetus along that track 
whilst still in the bowel, does not seem to be quite clear. In 
any case, the practical importance of these observations is 
obvious. The cyst-containing faeces of cases of dysentery 
must be prevented from getting access to drinking-water, or 
from being conveyed by flies and deposited on food. There 
would seem, by the way, to be a sort of mutual exclusive- 
ness between Entamoeba histolytica and the Shiga dysen- 
tery-bacillus. Schaudinn failed to find them in the same 
intestine, ^nd Castellani (6) has recently had the same 
experience in Ceylon. 
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The next class is that of the Sporozoa, so called because 
at one stage of their life-history the individual breaks up 
into a number of minute reproductive bodies resembling 
the spores of fungi or mosses, and, like them, often con- 
tained within a cyst or thick-walled capsule. Amongst 
the chief orders of this Class are the (xregarines, which 
mostly live in the intestine of crustaceans and insects ; 
the Coccidia, many of which inhabit the digestive tract 
and its annexes in mammals, birds, and various inverte- 
brates (myriapods, etc.) ; and the Ecemosporidia, or para- 
sites of the blood-corpuscles, which are the cause of malaria, 
and to which, therefore, a very special interest attaches. 
All these organisms, however different their vegetative 
stages, have in common a certain ground-plan of life-history, 
varying in individual cases, and with regard to matters of 
detail, but the general features of which pervade the whole 
Class. This life-history comprises two main features: 
alternation of generations and change of host. Alternation 
of generations means that a sexual method of reproduction 
alternates with an asexual method ; whilst the term '' change 
of host " does not, of necessity, imply a change of host- 
species, but in many cases only a change of ho^i-individuaL 
The general idea underlying the parasitism of these organ- 
isms is that, once the sexually-produced reproductive body, 
or spore, finds its way into a suitable host, and into a suit- 
able cell of that host — for they are m^ra-cellular parasites 
— it rapidly attains its full size, and splits up, without the 
intervention of sexuality, into a number of fragments which 
fall asunder, and, invading fresh cells of the same host, 
repeat the process. By this means, the host -animal 
becomes speedily pervaded by swarms of parasites, and the 
resultant disturbance of function is the disease. After a 
time, owing to the production of specific anti-bodies, or the 
exhaustion of the reproductive power of the parasite under 
the strain of repeated asexual division, this process gradually 
ceases, and specially-differentiated male and female forms 
appear and copulate. The fertilised female forms a cyst 
containing spores, which have to be transmitted to a fresh 
host before they can develop. The points at which the 
greatest variability obtains are, firstly, the place and time 
of conjugation, and secondly, the arrangements for transfer 
from one host to another. Where the organism passes its 
asexual stage in the blood, transfer must necessarily be 
effected by the only agency whereby blood is at all 
frequently removed from the vessels, i.e., blood-sucking 
invertebrates, such as files and ticks. The intermediate 
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host of blood-inhabiting parasites is, therefore, an inverte- 
brate blood-sucker. Some of the blood-parasites — those of 
malaria, for example —avail themselves of the invertebrate 
host as the scene of their sexual reproduction, and multiply 
enormously within it. Others, such as the Trypanosomes 
of the Mammalia, remain, so far as we are at present aware, 
quite passive within their cold-blooded host, and use it 
merely as a vehicle.* Others, again (some of the Firo- 
plasmata), in some mysterious way pass on into the eggs of 
the invertebrate host, and infect its young brood. On the 
other hand, when the parasite passes its asexual stage in a 
cavity of the host that is connected with the outer world 
(the Coccidia), the problem how to escape is comparatively 
jsimple, and an intermediate host may be dispensed with. 

In order to readily characterise these several stages, and 
to emphasise homologies, it is necessary to adopt a 
systematic nomenclature, and I accordingly use that elabo- 
rated by Schaudinn and Luhe, according to which 

The name Schizont is applied to the mature asexual individual. 

„ Merozoites is applied to the pieces into which the Schizont 
splits up. 

„ Gametocytes is applied to the forms which produce or hecome 
converted into the sexual individuals, viz. : — 

Macrogametocy t« ... ... The aseximUy-produ^ced individual which, by 

chromosomic reduction, becomes con- 
verted into a female, and 

Microgametocyte ... ... The aseactuiUy -produced individual, which, 

by chromosomic reduction and nuclear 
division, becomes converted into a number 
of males. 

Gametes The sexual individuals, viz. : 

Macrogametes Females (the ova of the Metazoa), and 

Microgametes Males (the Spermatozoa of the Metazoa, 

Antherozoids of the higher Cryptogams). 

Zygote The fertilised Macrogamete. 

Ookinet ... ... ... The Zygote when capable of locomotion. 

Oocyst The Zygote when it has come to rest, and is 

surrounded by a thick capsule. 

Sporoblasts Secondary cysts or spore-bags formed within 

the oocyst. 

Sporozoites ... The final products of the act of sexual re- 
production — minute bodies formed often 
in large numbers within the oocyst, and 
which, on being removed to the new host 
give rise to the schizonts. 



* Since this was written, Schaudinn's former assistant, Prowazek, claims 
to have observed (Arb, a. d. kaiserl, GesundJieitsamtef 1905, p. 876) sexual 
forms of the rat-Trypanosome (T. Lcwisii)^ in its intermediate host the rat- 
louse {H(eniatppinu9). 
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I come now to what has been done on the parasites 
of human malaria during the last three years. The details 
of their life-history as established by the labours of 
Laveran, who discovered them ; Golgi, who differentiated 
them into species ; Ross and Manson, who discovered the 
change of host ; MacCallum, who recognised their sexuality ; 
and Grassi, who identified the mosquito, have been more 
fully worked out, and numerous important details have 
been added. Plasmodiv/m vivax, the cause of tertian 
ague, has been minutely studied by Schaudinn (7) at 
an ague-stricken village near Rovigno on the Adriatic, 
where he had abundant material. Some of his observa- 
tions regarding the sexual process are of special interest. 
It starts in from ten minutes to half an hour after the 
blood has been sucked in by the gnat. The micro- 
gametocyte, which is readily recognised by its hyaline 
plasma, large oval nucleus, and coarsely granular pigment^ 
suddenly shoots forth from four to eight curved filaments, 
20 to 25 micra long and 1 micron at thickest. Meanwhile 
the macrogamete has been preparing itself for fertilisation 
by ejecting part of its nucleus. This process appears to 
be homologous with the extrusion of the polar bodies 
by the Metazoan Ovum. The number of chromosomes 
is thus reduced by one-half. The extruded matter may 
possibly, by its disintegration, provide a diffusable sub- 
stance acting chemotactically on the microgametes and 
causing them to approach the female, in the same way 
as the canal-cells of the archegonium of ferns yield malic 
acid which attracts the Antherozoid. The female then 
protrudes a "receptive eminence," and as soon as .one 
of the males has adhered to this, it is at once withdrawn 
carrying the struggling microgamete in with it. In the 
case of the malarial parasites only the one male obtains 
admission, but in the Coccidian Cyclospora caryolytica, 
which causes an infective form of enteritis in the Mole 
(Talpa), what is called polyspermy occurs (8). Quite a 
number of male gametes force an entrance into the macro- 
gamete. Only one of them undergoes the fertilising fusion, 
whilst the others break down and serve as food for the 
developing zygote. The presence of superfluous males, 
however, is apt to disturb the proper relation of male 
and female pronucleus, and give rise to interesting path- 
ological changes described by Schaudinn. In the Tertian 
parasite only one favoured microgamete gains access, and 
no sooner has it done so, than a coat of mucus is secreted 
by the female, which keeps away the excluded males and 
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is homologous with the cyst-wall of the Coccidia. The 
zygote now becomes a motile ookinet, and this becomes 
an oocyst, which comes to project, as is well known, into 
the body cavity of the mosquito, and the internal plasma 
of which splits up into sporoblasts, which in turn split up 
into sporozoites. Some of the liberated sporozoites, accord- 
ing to Schaudinn, obtain access to the ovary of the gnat 
and infect the developing ova, so that the young brood 
next spring harbours the parasite, and the young mos- 
quitoes can confer the disease without having previously 
sucked blood — a fact of great epidemiological importance, 
if it be confirmed by subsequent observation. Finally, 
Schaudinn succeeded in observing the entrance of the 
sporozoite into his own red corpuscles, and thus completed 
the developmental cycle. 

I now come to the last part of my subject, namely, the 
Order of Flagellates, to which belong the Trypanosomes. 
Three years ago, in the Address already referred to, I gave 
some account of these parasites in connection with the 
diseases of animals known as Nagana, due to T. Brucei, 
and Surra, due to T. Evansi, and I described the rdle 
of the Tsetse fly as carrier of the latter. I also referred 
to my own experience of these parasites, gained on the 
only species accessible to me at the time — the Trypanosome 
of the common sewer-rat, T. Lewisii. During the three 
years that have since elapsed, the rdle of these parasites 
as disease-producers amongst the lower animals has been 
greatly enlarged. Button and Todd (9) found a disease 
of horses in Gambia to be due to T. dimorphon. Elmassian, 
(10) followed by Voges and Lignieres, have shown that the 
disease of horses in South America known as Mai de 
Caderas, is due to another Trypanosome (T. equinum). 
The sexual malady of stallions and brood-mares known 
to the French as Dourine, or Mai de Colt, is due to 
T. equiperdum, which was first discovered by Rouget in 
1896 (11). The so-called Galziekte or Gall-sickness of 
Bovines in the Transvaal has been shown by Theiler 
to be caused by a species called after him T. Theileri (12). 
Other forms have been described in the smaller Mammals, 
such as, the rabbit, guinea-pig, dormouse, bat, as well 
as in birds, reptiles, amphibians, and fishes. But the 
great access of interest in the study of Trypanosomes 
is due to the fact that they are now known to produce 
disease in the human race. In December, 1901, Dutton (13) 
was the first to recognise as a Trypanosome the vermicule 
previously seen by Forde in the blood of a European 
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patient in the Hospital at Bathurst. He described it 
accurately, and named it T. Gambiense. In April, 1903, 
Castelljani (14) discovered a Trypanosome in the cerebro- 
spinal fluid of natives of Uganda affected with sleeping- 
sickness, and this malady has consequently come to be 
regarded as one of the manifestations of human Trypano- 
somiasis. David Bruce (15) with his fellow-workers 
Nabarro and Greig, brought home the propagation of 
the disease in Gambia to the fly Olossina palpalis. 
Finally, there is the discovery, so far back as 1900, by 
Leishman, and, independently in 1903, by Donovan, in 
smears of spleen-pulp from cases of splenic cachexia in 
India, of parasites which Rogers (16) has shown to be 
stages in the development of a Trypanosome. These, 
shortly summed up, seem to me the most important land- 
marks in the development of our knowledge as regards 
Trypanosomes. 

The side of the question which I propose to deal with 
this evening is the relation of Trypanosomes to other 
Protozoa, more especially to the malarial parasites, and to 
certain organi>sms known as SpirochsetaB, and hitherto 
regarded as Bacteria. 

A correct idea of the structure of a Trypanosome is 
essential to an understanding of what follows. Its fish-like 
body, twice or thrice as long a^ a red corpuscle, is fringed 
along one side with the undulating membrane, which is 
prolonged at the end now generally looked upon as anterior, 
into the flagellum. In the body is a large nucleus, and there 
is also, towards the posterior end, a smaller dot-like mass 
of chromatin close to which originates the margin of the 
undulating membrane— the edge which is prolonged into the 
flagellum. The nature and homologies of this smaller mass 
of nuclear substance have given rise to lively discussion. 
Some term it a centrosome, others a micro-nucleus. There 
seems to be no doubt that it gives origin to and presides 
over the locomotive apparatus — that the edge of the un- 
dulating membrane and the flagellum (both of which give 
the colour-reaction of nuclear substance by the Romanowsky 
method) are part and parcel of this mass, which I shall 
therefore term the blepharopldst (literally, flagellum-former). 
Trypanosomes bear a close resemblance to the spermatozoa 
of some animals (Bombinator),and are constructed on similar 
lines. They multiply mostly by unequal longitudinal division, 
more rarely by multiple division (rosette-formation). The 
first part to divide is always the blepharoplast. They are 
agglutinable by foreign or immune serum, as was shown by 
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'La'veran and MeRnil. To Professor F. G. Novy, of the 
University of Michigan (U.S.A.), and his collaborator, 
Dr. W. J. MacNeal, belongs the great merit of discovering 
a culture-method applicable to Trypanosomes (17). By its 
means they have succeeded in growing the Trypanosomes 
of the rat, of Nagana and of Surra, on an artificial medium 
(blood-agar), and have recently cultivated several forms 
from the blood of birds. Until the researches of Schaudinn, 
which I am now about to detail, Trypanosomes were looked 
upon as independent organisms, and were not known to 
possess any trace of a sexual mode of reproduction. It 
appears to me that the discoveries of this brilliant and 
dndustrious worker have not as yet been received in this 
country the attention to which they are entitled. 

In the blood of the barn-owl (Athene noctua), Schaudinn 
(18) found three distinct protozoal parasites. First there was 
the Proteosoma, the development of which in the mosquito, 
Culex nemoT08U8, had been so brilliantly discovered by 
Boss and subsequently studied by Koch. Then there was 
another plasmodial form of parasite of the red corpuscles 
Halteridium, previously studied by MacCallum and Koch ; 
and finally there was the so-called Leucocytozoon, discovered 
so far back as 1894, by Danilewsky. The two last-named 
parasites own Culex pipiens as their intermediate host. 

Previous observers had followed the development of 
Halteridium (called by Schaudinn TrypamosoTna noctuie) 
as far as it goes on in the hanging-drop of blood. Further 
they could not pursue it, not knowing the species of 
mosquito which serves as its intermediate host. Schaudinn 
having ascertained that it is propagated by Culex pipiena, 
found that, as the result of fertilisation, an ookinet is formed 
which moves along like a slug by the aid of its own mucus 
towards the front of the mosquito's stomach and there 
becomes converted into a Trypanosome. Omitting the 
minuter details, the process is as follows (Fig. 1 ). The nucleus 
divides unequallj', so as to form a hetero-polar spindle. 
The larger (left) half enters the resting stage, whilst the 
smaller (right) half, which is now in the ectoplasm at the 
periphery, again divides, forming another hetero-polar 
spindle, with the long axis parallel with that of the ookinet 
and the smaller pole forwards. The chromatin of this 
spindle forms the skeleton of the locomotive apparatus of 
the future Trypanosome, the thickest thread forming the 
free edge of the membrane, whilst the posterior centro-some 
becomes the blepharoplast. Thus a Trypanosome is formed, 
and of these Schaudinn describes three types : the *' in- 
different/' the " female." aad the " male." 
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The ookinet, which ia to develop into a " female" Try- 
panosdme, has darker protoplasm and a smaller nucleus 
than the form which he calls " indifferent." It goes through 
the same nuclear processes, the result heing the formation 
of a larger Trypanosome, which ia provided with a re- 
latively small flagellum, and is, therefore, leas active in its 
movements. These become limited to slight bending and 
twisting. The " female" Trypanosome ultimately comes to 
resemble a mature Gregarine, and possesses a marked 
power of resisting external unfavourable influences. If, 
for instance, the mosquito ia atarved and then kept on ice, 
all the parasitic forms within it die out save the " female" 
Trypanosomes, which lie buried between the epithelial 




Fig. 1. — Trypnnoacma (Htdteridium) noatute (Sohaudino). 
Stages in the development of the Cokinet into the "indifferent" 
type of Trypanosome (after Schaudinn): a, the slug-like dokinet, show- 
ing its comples conjugation- nucleus (eynkaryon), near the middle, 
whDst in its lower part are seen the remaina of the reduction-nuclei, 
and pigment-granules, the protoplasm containing which is being re- 
moved in 6 by abstriction ; c and d, the first unequal (heteropolar) 
nnclear diviflion ; e, the second ditto ; /, the third ditto, and first 
appearance of edge of undulating memhrane ; g, h, further develop- 
ment of undulating membrane and flagellum. (All highly magnified) 

and elastic o-muscu I ar coat of the intestine, last through the 
winter, and infect the brood of eggs laid next spring^ 
Multiplication o£ this Gregarinoid st^e takes place by a 
process termed by Schaudinn " parthenogenesis," and which 
he homologises with the re-infection of the warm-blooded 
host in Malaria, the so-called " relapses," The forms which 
persist in the blood of old-standing cases of malaria are^ 
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according to him, old females (macrogametes) [ ? macroga- 
metocytes]. After a time these "sink" to the level of 
schizonts ; in other words, produce a brood without having 
been fertilised. This mode of reproduction — the skipping 
of the sexual generation — appears to me to be homologous 
with the phenomenon amongst ferns, first described by 
De Bary under the name of " apogamy." 

The ookinet which is to form the " male" Trypanosomesi 
is distinguished ab initio by its small size, large nucleus 
and absence of reserve material in its protoplasm (Fig. 2.) By 
a process of reduction it gets rid of one half of its nucleus — 
the half which is preserved in the female — and the re- 
mainder splits up so as to form eight minute Trypanosomes. 
These he regards as microgametes which, however, are 
unable to perform their physiological function of fertilisa- 
tion. This act is only performed at one period of the life- 




Fig. 2. — Trypanosoma (HcUteridium) noctuoi. 

Development of **inale" Trypanosomes from the Ookinet (after 
Schaudinn) ; c, c{, gradual disappearance of larger half of nucleus, 
whilst from the smaller half the microgametes are developed (e and/). 

history of the parasite, viz., within a few minutes of its 
arrival within the stomach of the mosquito. 

As the result of these processes, the intestinal canal of 
the mosquito becomes inundated with " Trypanosomes " of 
all three kinds. Sometimes they are produced in such 
swarms that their resting-stages occupy all the epithelium, 
and the mosquito dies of the disease. Ordinarily, the 
insect feeds three times, and it is during these three periods 
of digestion that the parasites make their way down the 
bowel, through the wall of the colon, and so into the blood- 
stream, whereby some get carried to the ovaries, where 
they infect the young brood ; most, however, are carried to 
the front of the body-cavity into the head, where they 
accumulate round the pharynx, and ultimately rupture into 
it, and so obtain access to the lumen of the proboscis. The 
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mechanism of transference to the warm-blooded host is 
extremely interesting, and as the parasites of human malaria 
may possibly be, transferred in the same way, it seems 
worth while to mention the details. CvZex pipiens pos- 
sesses oesophageal diverticula which become distended with 
gas, and may therefore be termed, for brevity's sake, 
" gas-bags." The gas is carbon dioxide, which is evolved 
by a sort of yeast-like fungus always present in the insect's 
stomach, from traces of glucose present in blood, or — much 
more abundantly — from glucose present in the plant-juices 
which the insect occasionally sucks. At the commence- 
ment of the act of suction, when the insect has its proboscis 
buried in the skin of its victim, its body undergoes one or 
more violent contractions, which eject the contents of its 
fore-gut and gas-bags into the skin. These contents com- 
prise gas, saliva, and whatever particulate matter is present, 
viz., yeast-cells and sporozoites. Schaudinn looks upon this 
contraction as a sort of dyspnoeal effort due to the entrance 
of the COa-laden air, which immediately bathes the skin, 
into the tracheae of the insect. He succeeded in producing 
the contraction artificially by placing an infected Gulex on a 
cupped-slide, with its proboscis in a drop of glycerine 
under a cover-glass, and its body projecting over the hollow. 
In this he evolved some COg from a fragment of chalk and 
a droplet of acid ; and he observed that the gnat's body 
underwent a violent contracfcion, which had the effect of 
expelling into the glycerine its contained gas, yeast-cells, 
and sporozoites. Viewed teleologically, the effect of the 
COg would be to paralyse the thrombocytes, and in other 
ways to delay the coagulation of the blood. The hypersemia 
and pain caused by the bite he considers to be due to the 
enzyme of the yeast-cells. He dissected out the " gas-bags," 
and pushed them into a fine puncture in his own skin, with 
the result that the typical swelling, redness, and itching 
came on at once. The salivary glands he found quite 
inoperative in this respect. The irritating effect of the 
" gas-bags " appears to depend on the quantity of yeast-cells 
contained in them, for it was much more marked when the 
yeast had been allowed to proliferate actively as the result 
of feeding the gnat on plant juice. The fungus is not a 
true yeast, but a yeast-like stage in the life-history of one 
of the Entomophthorece — fungi with which we are all 
acquainted in the shape of the well-known Empiisa 
rmuscae, which kills flies in the fall of the year, and causes 
their bodies to adhere to the window-pane, surrounded by 
a white cloud of ejected conidia. 

N. S. — VOL. XXIV. H 
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Let us now follow the Trypanoaomes into the blood of 
the owl, whither they are carried by the bite of the Culex. 
Sach "males" as are conveyed in the fvilly-differentiated 
state die off. The mature " females " are usually too large 
to pass the gnat's proboscis. It is the " indifferent " forms 
and young " females " that thrive in their new surroundings. . 
Adhering by their flagellum to the red corpuscles, they 
bore their way in, withdraw their flagellum, and grow 
larger in the plasmodial form described by MacCanum, 
Koch, and other observers. They do not proceed to form 
asexual rosettes (schizonts), a fact expressly drawn attention 
to by Koch, who could not find in the blood of his artifi- 
cially-infected sparrows and pigeons any trace of this form 
of multiplication, which is so abundantly met with in 



Pig. 3. — Trypanosoma (HaUeridium) Tioctwe. 
a, attachment of "indifferent" Trypanoaome to a blood-corpuscle 
of the owl, b; its flagelluio. Aaothei individual, 6, baa oom^etely 
penetrated into the corpuBole and has lost its flagellum ; c, increase 
in Bise, and d, escape of the intra-corpuBcular parsaite ; e, /, g, further 
Bt^eaof growth. {After Schaudinn.) 

human malaria. What actually happens is this. The 
intra-corpuscular parasites leave their host-cells only during 
the night, and in the deepest recesses of the circulation — 
the spleen and bone-marrow. There they swim about for 
a while as free Trypanosomes (of all three varieties above 
described) (Fig. 3). During the day they mostly go back to 
the corpuscles. Thus they change about at intervals, for six 
days, by the end of which time they have attained their 
full size. Finally emerging, the full-grown parasite now 
multiplies by repeated acts of longitudinal fission till the 
products have attained their minimal size. The excessively 
minute flagellates so formed penetrate into freah red 
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corpuscles, till the blood become fairly inundated. Then they 
die down, and only a small number of " indifferent " forms 
survive, which become gradually evolved into macro- and 
micro-gametocytes, and can only complete their evolution 
in the body of the gnat. In concluding the reaum^ of the 
remarkable life-history of Trypanosoma (Halteridium) 
noctuaB, as observed by Schaudinn, I would point that of 
previous observers only Danilewsky seems to have come 
across the Trypanosome. Koch, in his careful study of the 
parasite, does not seem to have observed this stage ; at any 
rate, he makes no mention of having seen Trypanosomes in 
the blood of his birds infected with Halteridium, 

I have dwelt thus at length upon the history of this 
parasite on account of the light it throws upon the nature 
of the Leishman-Donovan body. These parasitic bodies are 
contained in large endothelial cells of the spleen and 
marrow: so, for a time, are the jEfaifeWdium-parasites 
The Leishman-Donovan bodies possess two nuclei — a large 
oval and a small rod-shaped one,; so do the involuted 
intra-corpuscular Trypanosomes of Halteridium. Finally, 
we have the brilliant discovery, by Rogers, that blood 
containing Leishman-Donovan bodies gives rise to Trypano- 
somes. The details given by Rogers tend to support the 
supposition that the life-history of the parasite of cachexial 
fever runs on the same lines as those of owl-malaria. For 
example : " the splitting-up of the parasite into two, the 
separation usually beginning at one end," suggests the 
longitudinal division of the Trypanosomes; and "the 
presence of smaller pear-shaped flagellated bodies like those 
described by Plimmer in Tsetse fly disease," which are 
evidently involution, or immature forms, also described by 
Laveran and Mesnil in their recently-published text-book 
(19), under the name of mises en bovZe, and figured on 
p. 156. Finally, there is the fact that the Trypanosomes 
were only developed in Major Rogers* cultures at a low 
temperature (22 deg.), which would point to their being 
naturally produced outside the warm blooded host in a 
blood-sucking Invertebrate, such as a bug or mosquito. 
There can be little doubt that the original opinion of Major 
Leishman with regard to these bodies is correct, and that 
Eala-azar and cachexial fever will prove to be a form of 
human Trypanosomiasis. The same opinion doubtless 
holds good of the bodies found in the granulation tissue of 
Delhi-boil and Tropical ulcer, by Cunningham, Wright, 
James, Christophers and others. 

Remarkable as is the connection so established between 
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the malarial parasite and the Trypanosome, it is, at any 
rate, a connection between one Protoabon and another. But 
the developmental cycle which I am now about to recount 
will, if eatabliaheii by further investigation, effect a still 
more surprising connection, viz., between a malarial para- 
site and an organism hitherto looked upon as a Bacterium, 
Spirochsete. 

The malarial tmrasite in question was discovered so far 
back as 1891, by Danilewaky, of Charkow (20), in the blood 
oi Athene noctua, and called by him the Leucocytoziion, 
from its dwelling in the white corpuscles. It was after- 
wards seen and depicted by Ziemann, (21) in his well-known 
work on blood-parasites. Both its warm-blooded and cold- 
blooded host {Culex pipiens), as well as its general aspect, 
are identical with those of Halteridium. In the mosquito's 



Fig. 4. — Spiroduefe Ziemanni. (After Schaudinn.) 
Developmeat of minute Trypanosomes {Spirochtetm) from Ookinet 
(see test). 

stomach its stationary macrogametes are fertilised by the 
motile microgametes. An ookinet (a) is thus formed, which 
becomes spirally coUed, so as to form a sort of corkscrew (5), 
the coils of which coalesce (c) (Fig- 4). To my mind, this pro- 
ceis is remarkably like what occurs in the development of 
the sexual fructification of the cleistocarpous Ascomycetes, 
such as Eurotium. The original nucleus divides into a vast 
number, each of which presides over a territory of pro- 
toplasm, which gradually becomes differentiated into a 
Trypanosome-like body, with blepharoplast, undulating 
membrane, and flagellum (Fig, 4, c, d). Of these, as in Halte- 
i-idium, there are three sorts — " indifferent," " female," and 
" male" — and all are very minute. As the result of repeated 
division, the individuals may become so small as to become 
not only incapable of measurement, but even of being per- 
ceived individually with the highest magnifications. It is 
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only when agglutinated in rosette form that they can be 
well seen ; and Sehaudinn, who describes these remarkable 
appearances, has no doubt that they would constitute a 
Jiltrable virus : that is, one capable of passing the pores of a 
porcelain filter, and therefore in the same category as those 
of pleuro-pneumonia, foot-and-mouth disease, and perhaps 
of small-pox. These minute Trypanosomes increase greatly 
in length, and become spirally twisted round their long 
axis, so as to constitute what have hitherto been termed 
Spirochaetes. Now the leading pathogenic SpirochaBte 
hitherto known is S. Obermeieri, the cause of Relapsing 
Fever. It has been observed to move equally well in 
either direction, "forwards" or "backwards." But Try- 
panosomes always move forwards, i.e., flagellum first, and 
this would seem to be a serious difference between them 
and SpirochsBte.* Sehaudinn states, however, that these 
long, thin Trypanosomes divide longitudinally, and that the 
two new individuals remain coherent by their hinder ends, 
and can accordingly move in either direction. They con- 
tinue to cohere until each individual has again divided in 
the same way. These Spirochaete-Trypanosomes agree 
with the Trypanosomes of the Mammalia, and differ from 
those of birds (Halteridium), in becoming agglutinated by 
their hinder ends. It is at the end of the first digestive 
period of the mosquito that these Spirochaete-like Try- 
panosomes are developed from the ookinet, inundate the 
body-cavity, and infect the ova. On re- introduction, 
natural or experimental, into the owl, they begin by 
multiplying enormously in the Spirochsete form before 
proceeding to the formation of sexual individuals. It is 
surprising to me that neither Danilewsky nor the other 
workers who observed the intra-corpuscular stage of this 
parasite should have seen the Spirochaete. Possibly, their 
birds were old cases, in which all the parasites had passed 
on into the intra-corpuscular resting stage. The cell pre- 
ferred by this parasite is not the mature red corpuscle, nor 
yet the mature leucocyte, but the haemoglobin-free pre- 
cursor of the former — the erythroblast. This accounts for 
its presence mainly in the spleen and marrow (cf. the 
behaviour of the Leishman-Donovan body). In human 
relapsing fever, Metschnikoff' observed that when the Spiro- 
ehaete disappears from the blood at crisis, it accumulates in 
the spleen. It would be interesting to know whether 
Metschnikoff observed any flagellated or plasmodial forms 
amongst the spleen-cells. If the development of human 

* Prowazek {loc. cit.) now holds that this is not~ always the easel 
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relapsing fever really proceeds on the same lines as Spiro- 
ch(Bte Ziemanni of the owl, bo accurate an observer as 
Metachnikoff could hardly have avoided seeing them, more 
especially as Schaudinn describes the sexual forms as 
relatively very large; so large as to be unable to find 
entrance into their host-cell, but rather drawing it into 
themselves, and provided with a distinct undulating mem- 
brane. Ziemann also in his figures misses the flagellated 
form, though his figure of the peculiar way in which the 
erythroblast-nucleus is flattened out exactly agrees with 
that of Schaudinn. The parasites undergo successive 
stages o£ intra- and extra-corpuscular existence in the blood 




a, motile fltage of full-grown female (the female forms posaeaa the 
undulating membrane, but not the flagellum) ; b, the same, ehowing 
spiral twisting during motion, and an erythroblast of the owl adherent 
to the hinder end of the parasite ; c, resting stage with transparent 
outer sheath (periplast), the darif structure to the right is the nucleus 
of a digested erythroblast ; d, nctive stage of the microgametocyte ; 
e, resting stage of same, showing its nucleus already divided up, and 
the nucleus of a digested erythroblast to the right. 

of the owl (Fig. 5), and on removal from it by Culex pipiens, 
at once proceed to the formation of large rounded macro- 
gametes with dense protoplasm, and small active micro- 
gametes which look like a minute Trypanosome or a Spiro- 
chete. Fei-tilisation gives rise to the ookinet from which 
we started. 

Should this developmental cycle be confirmed by other 
observers, then it follows that Trypanosoma and Spiro- 
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chaete are really only different names for the same thing. 
The following features about relapsing fever would then be 
accounted for : the non-cultivability of the Spirochsete on 
ordinary substrata, and the persistence of the parasite in 
the spleen after its disappearance from the general circula- 
tion. It would also appear probable that its propagation 
would be effected by some blood-sucking parasite. This 
has actually been found to be the case with the " Spiril- 
losis of fowls," recently described by Marchoux and Salim- 
beni (22). They found that the Spirilla were conveyed by 
the bird-tick, Argas miniatus. Unfortunately, they give 
no details as to what happens to the parasite inside of the 
tick ; and although they describe the spleen as enlarged to 
three times its size, they give no account of its minute 
appearances. 

I am not aware that the intermediate host of the Spiril- 
losis of ducks described by Sakharoff^ nor of that of oxen 
quite recently described by Laveran (23), has been ascer- 
tained. 

In the case of human relapsing fever, it seems most 
probable that bed-bugs carry the infection. Karlinski (24) 
found abundant Spirilla in the bugs captured in Bosnian 
houses where the inmates suffered from the fever, whilst he 
could find none in bugs obtained from houses where there 
was no fever. ^He found that the Spirilla persisted for 
20 days in the bugs. Marchoux and Salimbeni say that 
their Spirilla persist in Argaa for 100 days. 

As I pen these lines, another Spirillosis of the human 
subject has been discovered. Major Ross, F.R.S., announces 
in the current number of the British Medical Journal 
(Feb. 4th, 1903) that human " tick " fever in the Congo 
has been found by Dutton and Todd to be caused by 
Spirilla which are conveyed by the tick Ornithodorus. 

The question is, of course, still open whether the Spirilla 
of these diseases are really built on the same lines as the 
Spirochete Ziemanni of Schaudinn. So much would thus 
be explained that it is certainly a very tempting hypho- 
thesis.* 

This Paper, already far too long, would be swollen to 
inordinate dimensions were I to attempt to refer in detail 
to the Piroplasma parasites. I am, however, absolved 

* As I correct these lines for the Press, the interesting announcement has 
just reached me of the discovery by Schaudinn, in various syphilitic lesions, of 
extremely delicate, actively motile Spirochsctsa, which he is inclined to look 
upon as the cause of the disease. The paper appears in the Arb. a. d. k. 
OewmdheiUamtet Bd. xzii. p. 527» and is dated April 10th, 1905. I have since 
confirmed this discovery. 



104 ON THE RELATION OF THE PARASITIC PROTOZOA 

from the task by the fact that this Society has already 
been this season the recipient of a very admirable com- 
munication from Prof. G. H. F. Nuttall, F.RS., on the 
subject of Ticks and Tick-transmitted Diseases, which 
practically covers the ground. I will merely mention that 
Kossel and Weber (25), of the German Imperial Health 
Office, have found Trypanosome-like stages in the blood of 
cows affected with haemoglobinuric fever, and also in the 
intestines of ticks that had sucked the blood of such cows. 
Furthermore, Theiler, and quite recently Bowhill (26), have 
found both Trypanosome and Spirochsete forms in the blood 
of oxen and dogs affected with Piroplasmosis. 

Judging by analogy, it seems not improbable that the 
hitherto unseen parasite of Yellow Fever may prove to be a 
Spirochsete too small to be seen with the highest powers 
of the microscope. 

[Dr. Dutton has since succeeded in conveying spirillum- 
fever to the monkey by means of the tick, and further, in 
proving that young ticks reared from naturally-infected 
parents can convey the disease at their first feed — an 
observation of the very highest significance, in view of the 
fact that the tick fever or infectious haemoglobinuria of 
cattle (" bovine malaria," as it is sometimes called) is pro- 
pagated, not by the naturally-infected tick, but by its 
progeny. That Dutton's brilliant career, already so rich 
in achievement, should have been brought to an untimely 
end by infection received during his investigations, is an 
announcement which will cause profound regret, more 
especially to those engaged in the study of Tropical 
Medicine.] (Note made during correction of the proof- 
sheets.) 
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Discussion on Dr. E. J. McWeeney's Paper. 

The President: I think the most fitting way of pro- 
ceeding, after listening to Professor McWeeney's most 
interesting Paper, which I am sure we have all heard with 
the greatest pleasure, is to ask Sir Patrick Manson to open 
a discussion upon it. The Paper deals with points which 
are highly technical and extremely interesting, but not all 
of us have had an opportunity of pursuing such studies as 
would place us in a position to open a discussion of such 
questions. I will therefore call upon Sir Patrick Manson. 

Sir Patrick Manson : Sir, I have no doubt you will agree 
with me in thinking that Prof. McWeeney has conferred a 
great boon not only upon this Society, but upon all who 
are interested in questions bearing upon this particular 
subject of Protozoa in relation to disease. Schaudinn's 
Paper we have looked at, but, I fear, very few of us have 
read it. The subject is abstruse and difficult, and the 
German in which it is discussed is more abstruse and 
difficult still. I have read one or two translations, but the 
translations themselves require to be translated before they 
are intelligible ; but now, with Professor McWeeney's able 
disquisition in our hands, no one has any longer an excuse 
to remain ignorant on this subject. 

These observations of Schaudinn are exceedingly impor- 
tant, and 1 presume they are correct; but they are not 
without opponents. Only lately McNeal and Novy, two 
American protozoologists who have given a great deal of 
time and attention to the study of Trypanosomes, have 
ventured to criticise Schaudinn's conclusions, particularly 
as regards the connection of Trypanosomes with Halteri- 
dium and similar parasites. They say distinctly that 
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Schaudinn has made a mistake. I do not say so ; it is they 
who say so. They say that he has been working with 
mixed infections, and not with pure Trypanosoma infec- 
tions. They say that in certain birds in America — or at all 
events in a large proportion of them — they can by a process 
of cultivation, demonstrate the presence of Trypanosoma in 
the blood, whereas in only a small proportion they can 
detect anything in the nature of Endocorpuscular Protozoa. 
They contend that Schaudinn has been working with birds 
in which a Trypanosoma infection was superadded to 
another and independent infection by Endocorpuscular 
Protozoa. That is their criticism, and not mine. 

We have had a great deal of information from Professor 
McWeeny this evening: I should like a little more. 
Schaudinn tells us he divides the ookinets into three 
kinds ; an " indifferent," a " male," and a " female." I 
should like to know why he calls them indifferent, male, 
and female. These ookinets are themselves the result of a 
sexual process : the microgamete and the macrogamete are 
the male and female, and the result of the union is the 
ookinet, which shows no evidence of possessing sexual 
qualities. Why, then, class them male and female ? I 
have no doubt there is an explanation of the use of these 
terms, and I should be grateful if Professor McWeeney 
would supply it. 

As regards the important communication on the subject 
of the Amoeba of Dysentery ^Amoeba histolytica — I would 
utter a word of caution as to concluding that this matter is 
completely settled. The modern doctrine which divides 
the dysenteries into two categories, those produced by the 
Bacillus of Shiga and those produced by the Entamoeba 
histolytica, is very complete and fascinating, but it does 
not square at every point, at all events in my experience, 
with clinical observation. Nor does it seem to logically tit 
in with the facts of the case. For example, Schaudinn 
states that the cause of tropical Dysentery is this JSnta- 
moeba histolytica, which, in its vegetative form, exists and 
is active in the bowel of dysenteries during the acute and 
active phases of disease, but which, when the disease begins 
to subside, forms spores which become encysted ; and, he 
contends, it is by these spores that the disease is propagated 
and spread from one person to another. Now, why should 
this be if the disease is a tropical disease only? Why 
should these spores not be capable of existence outside the 
human body, and produce disease in non-tropical countries 
as well as tropical countries? In view of the resistive 
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properties of an encysted spore, one would be inclined to 
think that the disease it gave rise to would, as regards its 
geographical distribution, behave like bacterial diseases and 
not as those of a Protozoal origin. Any disease that is 
limited geographically, like tropical Dysentery, depends for 
its spread upon a medium which conveys the infective 
agent from the suflFerer to the hitherto non-infected person ; 
and this medium or transmitting agent is the factor that 
determines the geographical limitations of the disease. 
But in this instance of Amoebic Dysentery, there is no 
limitation as regards the transmitting agent : the spore falls 
on the ground and is directly communicated, unaffected by 
temperature, to another person. Why, therefore, should 
not that disease be a pandemic disease as well as a tropical 
disease ? Schaudinn's views, to ray mind, do not get over 
this difficulty. 

There is another point I should like to say a word or two 
about, that is : Schaudinn (or Professor McWeeney) assumes 
in the case of Leishman's body that the transmitting agent 
should be, or must be, an anthropophagous insect — a 
blood-sucker of some sort. I do not quite see why there 
should be an insect or other kind of blood-sucker. For we 
now know as a fact that the Leishman body is extruded 
from the human body by ulcerated surfaces. Patients who 
suffer from Leishman's disease die, as a rule, from some 
form of ulceration of the intestine, and from these ulcerated 
surfaces the Leishman body escapes into the outer world ; 
so that it is more likely that a non-blood-sucking insect 
conveys the parasite from the fasces or ulcerated surfaces 
to an uninfected individual. I think this idea is borne out 
by another circumstance in connection with the bodies 
referred to. An exactly similar, or possibly the same, body 
is found to be at the root of the disease known as Oriental 
Sore, in which case the parasite must escape from the ulcer 
on the surface of the body, and not by the blood. 

Some time ago, possessed with the idea that Leishman's 
body was possibly a blood parasite, I tried in one case to 
see if the usual absence of the parasite from the blood 
might depend on some circumstance connected with light 
or darkness, day or night; and I instituted a series of 
observations upon a patient suffering from the disease, to 
see whether the blood might not, at some period of the 
24 hours, contain Leishman's body. My observations were 
negative : I never saw any bodies during the day or night 
in the blood. These observations were confirmed by 
Dr. Low, of the Tropical School. So far, we have no 
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evidence to show that Leishman's body is in any circum- 
stances a blood parasite. 

The idea that Syphilis may be one of these Protozoal 
diseases is an exceedingly fascinating one ; and I think 
that there is some ground to hope that in these Leishman's 
bodies we have a clue to that mysterious infection.* Some 
years ago, a medical man who had practised in Persia and 
Arabia was invalided home in consequence of a severe 
attack of Oriental Sore. He came to 'England, and whilst 
still suflFering from the Sore, he developed what was believed 
to be tubercular disease of one testicle. The testicle was 
excised, with the idea of preventing general tuberculosis. 
The disease appeared, however, in the other testicle, which 
was ateo excised. I saw the patient about that time, and 
the idea that presented itself to my mind was that the 
Oriental Sore was a sort of Chancre, the point of entrance 
of a poison which became diffused, and afterwards produced 
secondary or tertiary effects, one of which was a specific 
infection of the testicle. Whether the idea is a correct one 
or not, I cannot pretend to say. It is, at all events, one 
that suggests a fresh field for observation. 

Dr. Copeman : I am obliged to you for calling upon me, 
for the reason that it gives me the opportunity of adding 
my thanks to those of Sir Patrick Manson for this 
admirable and interesting address ; but I think it will be 
generally admitted that it is impossible for anyone who has 
not done original work on the subject of Protozoa to 
adequately discuss the Paper. It is, however, as far as I 
Am able to judge of it, a most interesting and most judicial 
Paper. It sets out, in a delightful way, the work of 
other observers; and more particularly of Schaudinn. It 
affords those who have been unable either to work at the 
subject or to see the original Papers an opportunity of 
learning what has been done on the subject, and perhaps, 
in course of time, after carefully reading through the Paper 
again, of criticising to some extent the points brought 
forward. 

■ Professor McWeeney states that the Paper contains no 
original research of his own ; but, at any rate, it contains 
several most interesting suggestions which I take to be his 
own. There was one that particularly appealed to me 
because for some years in my leisure time I have worked 

• • [See footnote on p. 103. Schaudinn's discovery of SpirochsetsB in SyphiBa 
was not made at the time when Sir P. Manson used these remarkable words.] 
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on the subject of sex ; and that was the suggestion as to the 
part played, on the one hand, by the additional Spermatozoa, 
and by the " polar" bodies on the other hand. I have often 
wondered what was the reason for fche enormous number 
of Spermatozoa which are always produced in mammalia, 
when we know that, as a general rule, only one can be, 
utilised in fertilisation ; and I have often wondered also, 
what becomes of the " polar" bodies, which are always 
extruded previous to fertilisation. No suggestion, so far 
as I am aware, has previously been put forward as to what, 
part may be played by these bodies, or by the excessive: 
amount of material which is cast off from the cells of the 
seminiferous tubules and other parts of the genital track. 
One knows that Nature is always prolific ; but I agree that 
it is highly probable that this excess of male and female 
elements, as well as the fluid portion of the secretion, do 
play some particular part in the process. I think Professor 
McWeeney's explanation is a very ingenious one, and one 
which I think may not improbably turn out to be correct. 

I am glad also to see that Professor McWeeney, in hiis 
historical statement as to the investigation of the Trypano- 
somes connected with diseases in man, gives a special 
place to Castellani : becaujse, I think, it has of late been the 
custom hardly to give him a fair position in the matter of 
discovery. One knows that perhaps he did not at first 
attach a large amount of importance to the presence of 
Trypanosoma in the cerebro-spinal fluid ; still, he did 
demonstrate its presence, and it is quite possible that unless 
he had made his examination of the cerebro-spinal fluid, the 
actual discovery of the Trypanosoma of sleeping-sickness 
might have been considerably delayed. Whilst others, like 
Bruce and his colleagues, really brought the discovery to a 
definite conclusion, I think — as I have said — that had it not 
been for Castellani's previous work, that of other investi- 
gators might not have been so fruitful as it has. been. 

As regards Professor McWeeney's suggestion of the 
ultra-microscopic and so possible filtrable nature of the 
spiecific organism of small-pox and vaccinia, I think that 
this is definitely disproved by my experimental work (an 
extension of that of Chauveau and Burdon Sanderson), 
published in the Transactions of the London Congress of 
Hygiene and Demography in 1891. 

I desire once more to thank Professor McWeeney for his 
Paper, which I shall hope to read again at my leisure, as it 
is hardly possible to follow such a multitude of new facts 
in the space of time occupied in reading the Paper. 
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Sir Patrick Manson : I should like to add a few more 
words. In one paragraph, towards the end of the Paper, 
Professor McWeeney says that a new form of Spirillosis in 
the human subject has been discovered by Button and 
Todd on the Congo. That disease has already been dis- 
covered by the bacteriologist of the Uganda Government, 
Dr. Ross, and had been linked up with the Ornithodorus a 
considerable time before. 

There is another question I should like to ask. Did 
Koch succeed in infecting his birds with Halteridium by 
injection of Halteridium blood, or was it in a more indirect 
way? I always understood that other Trypanosomes 
could be inoculated directly, but that Halteridium could 
could not be directly inoculated. 

The President : Before calling upon Professor McWeeney 
to reply, I want to offer him, on behalf of the Society, our 
most cordial thanks for his admirable Paper and demon- 
stration. We are, indeed, very grateful to him for coming 
so far to teach us so much. 

Professor McWeeney : The observations which have 
been made. Sir, by yourself and other speakers have been 
a source of great pleasure to me. It is true that I have 
come a considerable distance to read this Paper ; but the 
occasions on which an Irish worker has been asked to read 
a Paper before a London Scientific Society have been few 
and far between; and accordingly I regard it as a great 
compliment and a very great honour to be asked to come 
here and deliver this Paper, and the way in which it has 
been received has been a source of still greater pleasure 
to me. 

The remarks made by Sir Patrick Manson, whose 
researches and discoveries in this Qeld of observation have 
gained a wide-world reputation, and give him a special 
authority to speak on the subject — what he has said in 
confirmation of the general views which I venture in 
accordance with Schaudinn to express, has been eminently 
satisfactory to me. Eminently satisfactory is it to learn 
from him that in the main the criticisms, apart from those 
of Novy and McNeal (which, by the way, had escaped me 
when I was reading up for this Paper — had I seen them I 
would have dealt with them in the Paper) are favourable 
to Schaudinn. It is highly satisfactory to find this, because 
I am bound to say that, after very careful perusal of 
Schaudinn's papers (I have read all that he has written 
upon the subject), they give me the idea of having the true 
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ring of genuine accuracy and research, and of being very 
full and accurate. He has written another Paper on the 
Tertian parasite, which is full of the most beautiful 
drawings; and the whole work gives one the idea of 
completeness and painstaking accuracy. At the same time, 
it should have been remarked that I did not give in an 
absolute adhesion to all his conclusions. I have but pointed 
out what appear to me to be some of the more important 
inferences from his discoveries. 

The question which Sir Patrick Hanson has asked me 
undoubtedly draws attention to what appears to me an 
unjustifiable part of Schaudinn's nomenclature. He speaks 
of the three kinds of Trypanosomes as " indifferent," " male/' 
and " female." It is quite true they cannot be so regarded, 
since they are themselves the immediate result of a sexual 
process. Schaudinn has not exactly stated, so far as my 
recollection goes, why he selected these terms. His general 
view is that the " male" Trypanosome is in its mode of 
formation and morphology precisely similar to the micro- 
gamete, and that what he calls the '' female" Trypanosome 
resembles the macrogamete in having dull protoplasm and 
a relatively small nucleus. That, I think, is the current 
of thought which has suggested this nomenclature to 
Schaudinn ; but whether it is justifiable or not is a point on 
which I should be inclined to follow Sir Patrick Manson, 
who is in a better position than I am to form an opinion 
on such a point. 

With regard to the question of the Amoeba histolytica, so 
far as I have been able to gather, Sir Patrick Manson's diffi- 
culty is this : if the parasite is not limited to tropical 
countries, neither ought the disease to be so confined.* 
As to this I can only offer a suggestion of my own : might 
not the ripening of the cysts be a question of temperature ? 
Would not that account for the non-appearance of the 
disease in some climates? They might require a high 
temperature to mature in, and such a temperature might 
only occur where this type of disease is endemic. 

In connection with what Sir Patrick says as to the Leish- 
man body not being conveyed by a parasite — that is just the 
value of discussions like these — the value for me as a man 
removed from the actual field of observation. I figured to 
myself a parasite in the liver or the spleen, etc., and I 

* Neither the paranite nor the disease is, as a matter of fact, so limited. Ii^ 
addition to the cases of Amoebic Dysentery reported by Jager (Berl, Tdin, 
Wochenschr.fl i)01 ), Albu, quite recently, records a similar case that ended fatally. 
The disease was contracted In Breslau {Ztschr, /. Klin, Med,, Bd. Ixv, p. 433). 
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did not know it was excreted from the sores, iand therefore 
capable of being . convoyed by other than blood-sucking 
parasites. 

With regard to the disease described three or four months 
ago under the name of Human Tick Fever, the point of 
interest appeared to me to be the announcement made by 
Major Boss, in the British Medical Journal last Saturday, 
tiat it was due to a Spirillum, and was propagated by the 
bird-tick, Omithodorus. That, of course, brings it at once 
into close connection with the Piroplasmic diseases, which 
are always produced by ticks. 

The last question of Sir Patrick Manson was whether 
Koch succeeded in producing Halteridium by direct inocur 
lation. I am under the impression that he did. His Paper 
on the subject, which is contained in the Zeitschrift fv/r 
Hygiene of 1899, describes the results of his study of 
llalteridium and Proteosoma in the blood of birds. It is & 
very curious thing that he should never have come across 
the Trypanosome stage. [My recollection was at fault here. 
On referring to Koch's Paper, I find that, although he 
succeeded with Proteosoma, he failed to communicate 
Halteridium by direct inoculation.] 

I am extremely grateful to Dr. Copeman for all he was 
good enough to say of the Paper. It is quite true that it 
would require to be read over several times in order that 
it might be criticised, because I was obliged to compress, a 
great deal of matter into as few words as possible. Coming 
from one who has done such good original work as 
Dr. Copeman has upon the virus of Small-pox, such com- 
mendation is very agreeable ; and it would be extremely 
interesting if Dr. Copeman could carry out some Small-pox 
work on the lines indicated. The virus might possibly 
prove to be a filtrable one, and of Protozoal nature. 

I was very glad to be able to lay stress on the work of 
Castellani, whose application of the centrifuge to the 
examination of the cerebro-spinal fluid seems to be the 
critical point in the whole pathology of Sleeping Sickness : 
demonstrating as it did the constant presence of the 
Trypanosome at a period when the researches of the 
Portuguese Commission tended to ascribe to a Coccus the 
leading rdle in the sBtiology of the disease. 

I think nothing now remains for me but once more to 
thank the Society for the patience with which they have 
listened to me. 
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By a. E. boycott, M.A., M.D., B.Sc. 



{Read: Friday, March 17th, 1906.) 

In trying to combat the ravages which are produced by any 
of the various infective parasitic disorders to which man is 
exposed, it is of the first importance that the sanitarian 
should be in possession of full information as to the life- 
history of the parasite which is the causative agent, and 
especially that part which is spent outside the human body. 
Without such knowledge, it is difficult to plan, still more 
difficult to put into effect, any devices for the undoing of 
these parasites other than those of an altogether exploratory 
or empirical nature. Some parasites, such as the gonococcns, 
have, we believe, no saprophytic existence, and no other 
host than man ; remedial measures are perhaps neglected, 
but they are none the less simple and obvious. In other 
instances, such as yellow fever, our knowledge of the 
physiology of the life of the causative agent has been 
gained in advance of our acquaintance with its morpho- 
logical nature ; it is, however, sufficient to give us good 
expectations that material progress in the suppression of 
the disease may continue to be made. In yet other cases — 
and this class comprises the majority of infective disorders 
— we know practically nothing of the life of the parasite 
outside the body of man, and perhaps of certain animals, 
and any efforts which may be directed against the 
B, typhosus or the pneumococcus are necessarily, to a large 
extent, of the nature of vague experimentation. 

The greater part of mankind live in the tropical and 
sub-tropical parts of the globe. Taking the world as a 
whole, the two fundamental diseases to -which they are 
here subject are malaria and ankylostomiasis. Until the 
history of the malarial parasite in its life outside the 
human body was known, the only weapon in our possession 
was at once empirical and purely defensive ; those great 
researches of Ross have enabled us to plan a philosophical 
attack in a practical and, we hope, an efficient manner. 

Our knowledge of the morphology and physiology of the 
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life-history of Ankylostoma is still far from complete in 
many details. In the main outlines, however, it is sufficient 
to enable us to trace a close connection between the habits 
and mode of life of the parasite on the one hand, and the 
whole range of its pathology on the other, and it is from this 
point of view that I should like to consider the subject of 
my paper. In the first place, I propose to briefly consider 
the life-history of Ankylostoma ; then to review the con- 
ditions which may influence this history ; and, finally, to 
consider the applications of these facts to sanitation. 

The full-grown sexual Ankylostoma inhabits the upper 
part of the small intestine in man. There are two known 
species — one, known as A, duodenale, is found in Europe, 
Egypt, etc., while the other, A. am^ericanum, has recently 
been dificrentiated from the old-world species by Stiles 
in the United States. The details of the life-history of 
this latter species have not been fully worked out, but, 
as far as our information goes, it does not difier from 
that of the older species, and the efifects produced seem to 
be identical. In case, however, further research reveals 
any important differences, it is as well to say that the 
following account refers to A. duodenale. The worms are 
found in the intestine in numbers which vary from two or 
three to many hundreds. The females lay eggs in very 
large numbers, and in consequence the stools of an infected 
individual are often crowded with eggs. 

As seen in fresh faeces, the eggs are characterised by a 
thin, clear, colourless shell, about 60 fi by 40 /a, of a 
regularly oval outline. The greyish contents are easily 
seen, and the egg when first passed consists as a rule of 
four segments. Under suitable conditions, segmentation 
proceeds very rapidly, and a morula stage is soon reached. 
The egg may contain an active vermiform embryo in 
18 hours, which shortly escapes from the shell. The newly- 
hatched larva is about 0.27 millimetres long. In favourable 
surroundings growth proceeds rapidly, and in another 
24 hours the larva has moulted, and attained a length of 
0.55 millimetres. After a second moult, the beginnings of 
a definite "chitinous" sheath can be readily made out; and a 
third moult brings the larva to a final measurement of 
about 0.6 millimetre. The sheath is now very well 
developed, and to a certain extent, especially at the head 
and tail, the larva is free to move within it. This stage is 
known as the "encapsuled" or " full-grown " larva, and is 
one of the fundamental landmarks in the cycle of develop- 
ment, representing as it does the adult saprophytic phase of 
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the parasite. So long as it does not gain entrance to the 
human body, no further growth takes place; the larva 
remains asexual, and no multiplication of individuals occurs. 
If, on the other hand, the larva can obtain a lodgment in 
the human intestine, development soon proceeds; rudi- 
mentary sexual organs appear, and after' a series of moult- 
ings the adult parasitic stage is reached, with sexual 
diiferentiation into male and female individuals, and a 
rapid multiplication of individuals. 

The important points in this life-history are, firstly, that 
there is no intermediate host, and, as is usual with these 
higher parasites, the infection of each host is specific for 
each parasite : thus a dog Ankylostoina cannot infect man, 
nor a human Ankylostoma a sheep. In the second place, 
there is no multiplication of individuals, either within or 
outside the host. Such increase in numbers can only be 
brought about by a due and alternating succession of 
parasitic and saprophytic phases. 

The statement, originating, I believe, with Giles and 
since repeated by several observers, that Ankylostoma has 
a sexual stage outside the body, are to be received with 
great caution. Their results are readily explained by the 
assumption — perhaps unjustifiable — that they were not 
dealing with pure cultures. There are a number of small, 
entirely saprophytic, nematode worms which are of very 
general occurrence in earth. The eggs and larvae of some 
of these closely resemble those of Ankylostoma ; the adult 
sexual forms are, however, quite diflferent, and appear 
to be exactly similar to the worms figured by Giles and 
others. These earth nematodes flourish and multiply to an 
extraordinary extent in faeces to which they may gain 
access ; and I have found them in such situations, as well as 
in uncontaminated earth, in many English mines, both coal 
and metalliferous, infected and non-infected. Their frequent 
presence, and the close resemblance which the larvae of 
some of them bear to undoubted Ankylostoma larvae, 
vitiate also the value of observations on the occurrence and 
habits of (so-called) Ankylostoma in its natural saprophytic 
habitat. On the experimental side, numerous experiments 
have, in my hands, given uniformly negative results, and 
in no case has any sexual form been observed in cultures 
made from faeces which had not been exposed to contami- 
nation from the earth. Similar cultures made from material 
containing Ankylostomxi eggs, which had been picked off" the 
ground, showed on many occasions sexual forms of small 
nematodes belonging to the family Anguillulidce, but only 

l2 
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the larvae of Ankylostoma. Many different methods of 
culture were tried — aerobic and anaerobic — with duodenal 
mucosa and various extracts made from it, with blood, at 
different temperatures, in acid and alkaline media, etc ; but 
genuine Ankylostoma larvae could never be persuaded to 
make any further advance in development from the 
encapsuled stage. 

The chances of multiplication are further diminished by 
the fact that it is only at a certain point of the saprophytic 
development that Ankylostoma becomes capable of in- 
fecting its host. It was clearly shown by Leichtenstem 
that the eggs and young larvae are not infective ; he found 
that eggs appeared in the stools only after the full-grown 
encapsuled larvae had been administered to the subjects of 
experiment. I would direct especial attention to this point, 
which is of unique importance in the consideration of the 
distribution and epidemiology of the disease. 

The time-relations of these changes are also of practical 
importance. From the fresh egg to the encapsuled larva 
takes at the least four or five days, and usually longer. 
The second period of growth, within the host, from the 
encapsuled larva to the sexual adult, occupies about five 
weeks. The possible length of life at each stage is less 
well defined : if the eggs are exposed to conditions which 
are unsuitable for their immediate development they do not 
live very long — four or five weeks, perhaps, often only a 
few days. The encapsuled larva is capable of a very pro- 
longed saprophytic existence. I have been able to keep 
such larvae alive in the laboratory at room temperature for 
more than twelve months. During the whole of this period 
they lived in an ordinary Petri dish, with no more nourish- 
ment than that contained in the fragment of faeces from 
which they were originally hatched, and in the London tap- 
water which was added from time to time to make good 
the loss by evaporation. In their natural habitat they are 
probably capable of living for a still longer period. The 
adult parasitic form is also long-lived. Stiles found several 
cases of infected children in a home in the United States, 
which was situated outside the endemic area. They had 
been brought from an infected district more than six years 
previously, and it is not possible to believe that they had 
been re-infected during their residence in the well-conducted 
institution in which they lived. Another interesting 
example of the duration of the infection came to the notice 
of Haldane and myself in Cornwall. A youth worked in 
the infected area — which is here strictly confined to the 
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underground workings of the mines — in 1898; he soon 
became anaemic, and gave up the employment. When we 
saw him at the end of 1902, he had spent the intervening 
four years in driving a butcher's cart, and had not been 
even to the surface workings of a mine ; yet we were able 
to find a few eggs in his stools. 

A knowledge of the paths of infection gives us little 
assistance in our endeavours to suppress the parasite. It 
has been proved long since by direct experiment that the 
mouth affords for Ankylostoma, as for other parasites, an 
easy mode of access to the intestines ; and, until recent 
years, this was believed to be the only path of infection. 
Looss, and after him several other observers, have shown, 
however, that the encapsuled larvae are capable of pene- 
trating the unbroken skin vid the hair-follicles. It is 
stated that they are then carried by the blood stream to 
the lungs, where they form emboli. Gaining access in this 
way to the air passages, they pass up the trachea and down 
the oesophagus, and so find their home in the small in- 
testine. If any part of the surface of the body may thus 
aflford a possible point of infection, it is clear that no direct 
indication is afforded in the matter of prevention ; and the 
brilliant researches which have led to this notable addition 
to our knowledge are scarcely other than depressing to the 
sanitarian. 

There is, I think, no reason to doubt that infection may, 
and does, occur by direct reception of the larvae into the 
stomach, and thence into the small intestine. Experimen- 
tally, encapsuled larvae may survive for two or three days 
in strong mixtures of pepsin with hydrochloric acid up to 
0.5 per cent., and in alkaline trypsin solutions. If swallowed 
larvae pass through the walls of the pharynx or oesophagus, 
in order to undergo development before facing the ordeal 
of gastric juice (which is by no means always present in 
the stomach), it is diflScult to see why the interval between 
infection and the appearance of eggs in the stool should be 
so much longer in a skin (70 days) than in an alimentary 
infection (30 days). My own experience is that, 18 months 
after having made entirely ineffectual attempts to produce 
an infection through the skin, I became infected at once 
through the mouth after an accident with a pipette. 

We have next to consider the influence of various 
external conditions on this cycle of development. 

1. Temperature, — The eggs are killed in about twenty- 
four hours at a temperature of 40 deg. Cent. (104 deg. 
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Fahr.), or at a nearly freezing temperature. They may 
hatch at any temperature from 16 deg. Cent (61 deg. Fahr.) 
to 38 deg. Cent. (100 deg. Fahr.) ; in an ordinary hot 
incubator (36 deg. or 37 deg. Cent.), the eggs often die 
without hatching, but a few larvaB generally hatch out in 
about twenty-four hours, and then rapidly die away. The 
optimum temperature would appear to be about 24 deg. 
Cent. (75 deg. Fahr.) ; at rather higher temperatures the 
eggs hatch more quickly, but the mortality among the 
young larv8B is high, and many fail to reach the encapsuled 
stage. The determination of the lowest temperature at 
which complete development may take place is a point of 
the greatest practical importance. Below 13 deg. Cent. 
(15 deg. Fahr.) the eggs will certainly not hatch; but 
I have twice succeeded in hatching the eggs and growing 
the larvae to the encapsuled stage, at a temperature which 
was generally 15.9 deg. Cent. (60.6 deg. Fahr.), and never 
exceeded 17 deg. Cent. (62.5 deg.) I may mention that 
these experiments were made in a Hearson incubator, and 
that the temperature was noted carefully at very frequent 
intervals during the whole observation. Several lots of eggs 
failed to hatch at this temperature, or if hatched failed to 
develop to the encapsuled larvae, and there is no doubt that 
such a low temperature is by no means favourable to 
Ankylostoma, A free and full development is, I think, 
seldom shown at temperatures below 20 deg. Cent. (68 deg. 
Fahr.). 

Temperature has also a very marked influence on the 
rate of development. At 35 deg. Cent, free larvae may 
appear within twenty-four hours, and encapsuled larvae in 
four days ; while at 16 deg. Cent, the eggs may take three 
to seven days to hatch, and encapsuled larvae may not be 
present for a fortnight. 

Once the larvae have reached the encapsuled stage, they 
are relatively indiflerent to temperature. I have never 
succeeded in keeping them alive for more than a few days 
at 37 deg. Cent., while at room temperature (10 deg. to 20 
deg. Cent.) they live for many months. They appear to 
live equally long at 25 deg. Cent. 

2. Moisture. — A certain amount of moisture is necessary 
at every stage, and " ordinary " drying at room temperature 
kills eggs and larvae in an hour or two. On the other 
hand, excessive wetness is fatal to the eggs. Infected 
faeces covered with a layer of water J in. in depth will 
never hatch at any temperature, and die in about a 
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week.* The larvae, on the contrary, prefer to live in water, 
and the most succesful method of hatching which I have 
tried is one in which the faeces are kept damp, but not 
submerged, while they are surrounded with a moat of water 
into which the newly-hatched larvae may escape. 

8. Oxygen — These differences in the relation of Anky- 
lostoma to water at different stages of development are 
explicable, I think entirely, by variations in oxygen 
requirement. The eggs will only hatch in the presence of 
a very free supply of oxygen. A gram of infected faeces 
corked up in a 20 cc. test tube fails to show any larvae 
after exposure to a suitable temperature. The inhibitory 
action of water appears to depend on the relative exclusion of 
oxygen, for if air be bubbled through a mixture of infected 
faeces and water at 25 deg.Cent. larvae hatch out (though only 
in small numbers) in three or four days. If hydrogen is 
bubbled through a similar mixture, no development takes 
place, so that the result obtained with air is not due to the 
mechanical disturbance. The encapsuled larvae, on the 
other hand, show anaerobic capacities of an order which is 
somewhat remarkable in an animal so high in the zoological 
series. They will live and exhibit the most lively move- 
ment for three weeks in an atmosphere of hydrogen at 
17 deg. Cent., and for at least eight days in carbon dioxide, 
or in a vaccum. 

Oxygen is, then, necessary during active growth, but not 
during the resting stages. Experiments in the anaerobic 
development of the larvae showed that development did not 
proceed unless oxygen was present, though the young 
larvae were not immediately killed. These facts are in 
complete accord with the observed inability of the eggs or 
young larvae to produce an infection if taken into the 
alimentary canal. 

4. Chemical Agents, — The most exaggerated views have 
been held on the supposed extraordinary powers of resis- 
tance to antiseptics exhibited by Ankylostoma larvae. It is 
entirely a question of the time factor. It is quite true that 
the encapsuled larvae may exhibit active movements for a 
quarter of an hour after immersion in a 4 per cent, solution 
of corrosive sublimate, but they were surely killed in four 
hours in a 0.1 per cent, solution of sublimate, 0.25 per cent. 

* After repeating this experiment a number of times with the uniform 
result mentioned above, I have lately observed an exception in which a few 
dead one-day larvse were found in a preparation which had been continuously 
covered with two inches of water at room temperature. 
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izal, or 1 per cent, carbolic acid. In twenty-four hours, 
0.1. per cent, izal or 4 per cent, sodium chloride will kill the 
adult larvae. The explanation of the marked resistance 
shown by these larvae when first exposed to the action of 
the poison is due to the presence of the thick sheath, and it 
is only after a certain time that this protection is penetrated. 
Young larvae, with a much thinner coat, are more easily 
killed, and in this way the application of a 2 per cent, 
solution of sodium chloride to infected faeces will prevent 
the development of encapsuled larvae, though 6 per cent, is 
required to prevent the eggs hatching, and 4 per cent, to 
kill the encapsuled stage. 

Bruns found that the more he diluted faeces with water, 
the quicker and more complete was the development of 
larvae. All observers have noticed that occasionally no 
larvae can be obtained from faeces full of eggs. This seems 
to be due to the presence of some substances in certain 
stools which kill either the eggs or young larvae. I have 
found that aqueous extracts of some faeces will kill the 
newly-hatched larvae. Why this is I do not know. It is 
not a question of the reaction. Bruns' view that it is due 
to the plasmolysing effect of salts can hardly be correct, 
since faeces contain hardly any soluble salts. 

5. Zi^At— Sunlight is said to be quickly fatal to the 
larvae. My own experiments on this point gave entirely 
negative results, but the only sunlight available was that 
which may be had in London. 

It will now be necessary to consider shortly the relation 
of the infected individual to the infecting agent. 

The typical result of Ankylostoma infection is an anaemia 
of greater or less severity. Definite data on the length of 
time after infection which must elapse before well-marked 
symptoms are produced are not available, but there are 
fairly clear cases in which a very profound degree of 
anaemia has been reached within three months of infection. 
In the intervening period symptoms are indefinite, but 
certain "dyspeptic" pains without any association with 
the taking of food are often present, and have, I think, a 
definite connection with the presence of the parasite in the 
small bowel. In many cases a skin affection (botches, 
bunches, gourmes, mazamorra, coolie-itch, etc.) of varying 
severity will be present. The degree of anaemia varies from 
a diminution of 10 or 20 per cent, in the percentage oxygen 
capacity of the blood, to a condition of the blood which is 
not exceeded in severity even in the worst cases of perni- 
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cious ansBmia. Patients in the latter condition are, of course, 
helpless, and frequently die unless treated. Even the 
former class may exhibit some symptoms of dyspnoea on 
severe exertion, and their working capacity is thereby dis- 
tinctly — though perhaps only slightly — diminished. Many 
cases seem to reach a condition of moderately severe ansBmia, 
beyond which they do not sink. With a percentage 
oxygen capacity diminished by one-half, they may drag on 
for years in a state of constant ill-health and inability to do 
their share of work. The actual destruction of life caused 
by Ankylostoma is considerable enough, but the chronic 
illness which ensues in neglected and unrecognised cases is 
responsible for far more unhappiness.* 

One important point in the pathology of infective 
diseases is illustrated particularly well by ankylostomiasis. 
This is, that many of those who harbour the worm suffer 
from no symptoms of disease at all. The percentage of sick 
people in a series who are about equally exposed to an 
infection varies a great deal with different infections, as 
well as with different series of possible subjects. From the 
demonstrated infection of 2, or 5, or 10 per cent, of a popula- 
tion exposed to water- or milk -borne enteric fever, there is 
every gradation under varying circumstances to the 
destruction of half a population by plague, sleeping-sickness, 
or kala-azar. Now, in these instances, we are to a very 
large extent compelled to judge of the infection of the 
individual by the obvious presence or absence of disease. 
In Anlcylostovia, however, we have a parasite of such 
dimensions that the criterion of its presence may, if neces- 
sary, be made entirely macroscopic, and we can ascertain 
very clearly what proportions of a population are on the 
one hand infected, and on the other hand suffering from 
definite disease. It has been found that in localities which 
are especially favourable for the worm, practically every 
individual who is exposed to infection actually harbours the 
parasite. Dobson found eggs in the faeces of 75 per cent, 
of the natives in Assam ; and in one of the Cornish mines, 
after examination of about a quarter of the underground 
hands, taken at random, I failed to obtain satisfactory 
evidence that a single man was without the worm. Yet, 
at the worst, not more than 10 per cent, of the men were 
actually ill, and the great majority expressed themselves 

* The truly appalling state of a population saturated with neglected 
Ankylostomiasis is shown very well in the Report o/ the Commission for the 
Study and Tredtment of " Anccmia'' in* Porto JticOf by Ashford, King, and 
ingaravidez. San Juan, P. B. 1904. 
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to be in perfect health. Of 21,612 men who were found 
to have eggs in their stools and received specific treatment 
in Westphalia, only 6.8 per cent, showed definite anaemia. 
These considerations, I think, support the suggestion that 
the apparent partial incidence of many infections depends 
more upon the resistance of the infected individual than 
upon the mere inclusion of the parasite within his 
body. 

One has, then, to distinguish two classes of infected 
persons — those who have Ankyloatoma infection, and those 
who have the disease ankylostomiasis. Without entering 
upon a purely pathological discussion, it is perhaps worth 
mentioning that the tissues of the former class — who may 
be called immune — are not absolutely indiflferent to the 
presence of the worm, since the blood in these cases shows, 
as I know from personal experience, the somewhat charac- 
teristic changes in the leucocytes to a degree which on the 
whole is greater than that found in those who are actually 
anaemic. 

The variation seen in the degree of illness produced is, 
then, due in part to variation in the natural resistance of 
the individual to the toxic products of the worm. It is 
also due to variations in the magnitude of the infection. 
Cases are well established in which a fatal issue has ensued 
upon the presence of comparatively few worms in the 
bowel. Perfect health, on the other hand, is not inconsis- 
tent with the presence of hundreds of parasites. There is, 
however, some relation between the degree of anaemia and 
the amount of infection, and especially the frequency of 
infection. Individuals exposed to infection under condi- 
tions which are eminently favourable to the worm on the 
whole suffer more severely than those who only meet 
with the extra-corporeal stage where it has to struggle 
for existence. These considerations are in harmony with 
the fact that the anaemia is not due to the abstraction of 
blood by the worms. This has been clearly established by 
the investigation of the blood-volume of Cornish patients 
by Haldane, and is supported by many other details of the 
infection. 

Such is a brief account of the life, habits, and effects 
of Ankylostoma, From these data it is possible to deduce 
a satisfactory, if not an entirely complete, explanation 
of most of the facts which are the result of epidemio- 
logical observation rather than that of laboratory experi- 
ment. Since both lines of investigation lead us to the 
same ends, it is unnecessary — as it would perhaps be 
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undesirable — to consider which of the two gives us the 
better indication for practical hygiene. 

Ankylostoma may infect either men or places. The in- 
fection of men is immediately the concern rather of the 
clinician and the pathologist than of the sanitarian. There 
are, however, two points which require emphasis. I have 
already laid stress on the fact that many individuals 
harbour the worm without showing any signs of obvious 
illness. Yet such persons are potential carriers of infection 
to other placeS; no less than those who are actually ill. 
The Healthy " worm-carrier," indeed, is the greater factor 
in the dissemination of the worm by his more facile 
locomotion. Such people, too, may remain infective for 
years after they have removed from an infected locality. 
The parasite may thus travel all over the world in the 
persons of those upon whom no suspicion would be likely 
to fall, and who would, in most instances, be themselves 
entirely in ignorance of their dangerous character. On the 
other hand, an infected individual cannot spread the infec- 
tion before his own parasites have commenced to lay eggs. 
This favourable point is more than counterbalanced by the 
fact that, since the diagnosis in the ordinary way rests on 
the discovery of these eggs in the stools, he would pass even 
a japecific medical examination during the same period. 

For the infection of places, three conditions are obviously 
necessary. Firstly, that infected faeces should be deposited ; 
secondly, that the place so contaminated should present 
those combinations of temperature, moisture, and aeration, 
which have been already defined as necessary for the 
development of the infective stage of the worm from the 
egg. And thirdly, that an interval of time should elapse 
between the deposition of the eggs and the development 
of the infectivity of the place : as, however, this interval 
may be so short as four or five days, this condition does 
not come to be of any greatp ractical importance, though 
it precludes a constantly-recurring cycle of auto-infection. 

It is, of course, possible that the encapsuled larvae might 
be carried from place to place as such. Under these cir- 
cumstances, conditions of temperature, etc., play a much 
less important part. The inability of the larvae, however, 
to withstand drying renders this mode of transmission of no 
practical importance, except over very short distances. 

The first condition, that faeces should be deposited in 
such positions that human beings shall thereafter come into 
contact with them, is fulfilled all the world over with 
varying degrees of completeness. The majority of man- 
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kind makes no special provision whatever for the disposal 
of excreta. Among relatively savage races this is perhaps 
not unreasonable ; but it is surprising to learn that among, 
e,g., the farming class in the southern parts of the United 
States, even the most elementary privy accommodation is 
unknown. With permanent houses the result is obvious, 
and the whole of the soil in the immediate neighbourhood 
of their dwellings is saturated with faecal contamination, 
growing worse and worse as time goes on. And it is just 
these very parts of the earth with which the inhabitants 
come into intimate daily contact in the pursuit of agricul- 
ture. A nomadic people are in a far better position, as 
their filth is periodically left behind them, and the custom 
among the Burmese of having a fresh capital for each king 
finds ample justification in considerations of public health 
alone. Greater care is taken in the disposal of excreta in 
this country, I suppose, than in any other ; yet a brief in- 
spection near any large centre of population will soon show 
anyone whose observation is sharpened by interest that 
there is abundant opportunity for the careless or unwary 
to come into contact with human excrement. That the 
population of London have not infrequent contact with 
stale human faeces is shown by the fact that the eggs of the 
worm Trichocephaliis dispar were found in the stools of 
rather more than 10 per cent, of 250 patients taken at 
random in the general wards of Guy's Hospital. Dr. French 
is still continuing this inquiry, and I am indebted to him 
for permission to mention the main result now. It is one 
of great interest, for in Trichocephalus we have a parasite 
which is not capable of any multiplication outside the body, 
and one, too, which (as far as is known) can only become 
established in the bowel by ingestion with the food of eggs 
which have lain outside the body for a time sufficient to 
enable the larva to develop. The prevalence of this harm- 
less parasite gives, I imagine, an excellent minimal value 
for the excremental contamination of the intimate sur- 
roundings of a population. I have found, for instance, that 
three-quarters of the men who work in the abominable filth 
of some of the Cornish mines, are infected with Tridio- 
cephalus ; and even higher percentages have been constantly 
found to accompany the elementary habits of the natives of 
the East. 

If, then, foecal contamination were the main factor in the 
occurrence of ankylostomiasis, the disease would be pre- 
valent all the world over. The second condition is, how- 
ever, the one which determines the geographical and topical 
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incidence. Epidemiological observation confirms the sus- 
picion which is aroused by laboratory experimentation — 
that Ankylostoma would be found to be prevalent only 
where the eggs, on leaving the host, find those conditions 
of temperature, moisture, etc., which enable the larva to 
develop to the infective stage. Generally speaking, the 
geographical disiribxiiion oi Ankylostoma is a question of 
temperature. It has been found in almost all parts of the 
tropical and sub-tropical world, and in all probability a 
short search would soon reveal its presence in those districts 
from which it has not yet been reported. In Europe it 
occurs among the general population south of the Alps ; it 
is very common in northern Italy, and occurs in Hungary. 
It is probably common enough in Spain, though there 
are no details available. In northern Europe it has been 
found in those areas in which the necessary constant warmth 
has been provided by artificial means ; the coal mines in 
Westphalia, in northern France, and in Belgium, and the 
metalliferous mines in Cornwall, have all sufiered more 
or less severely from the ravages of the worm. The tem- 
perature in the underground workings of most extensive 
mines is high enough, at least in parts, to enable the eggs 
to hatch and the larvae to grow to the encapsuled stage. 
Taking the possible lower limit as 16 deg. Cent., and the 
optimum as 25 deg. Cent., as defined by the experiments 
mentioned above, we find a striking confirmation in the 
following Table, showing the numbers per thousand of men 
suffering from illness in the different mines of the West- 
phalian coal-field, the mines being grouped according to 
their temperatures : — 



Temperature. 


Number 

of 
Collieries. 


Number of Men 

Employed 

Underground. 


Cases of Anaemia 
per 1,000 Men 

Employed 
Underground. 


Less than 20 deg. Cent. 
(68 deg. Fahr.) 

20 deg. to 22 deg. Cent. 
(68 deg. to 72 deg. Fahr.) 

22 deg. to 25 deg. Cent. 
(72 deg. to 77 deg. Fahr.) 

Over 25 deg. Cent, (77 deg. 
Fahr.) 


151 
45 
33 
12 


104,637 

43,710 

39,836 

9,853 


0.5 

2.5 

11.7 

39.9 
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These figures show that illness does not occur to any 
extent unless the temperature is such that the conditions 
are distinctly favourable for the development of the worm. 
In the inquiry into the prevalence of Ankyloatoma in the 
Belgian coal mines, attention was paid rather to the 
number of infected men than to the number of cases of 
illness ; and it was found that, under conditions of tempera- 
ture at which development is possible, though not en- 
couraged, a considerable number of miners became infected. 
Thus in sixteen mines, with a temperature of 15 deg. to 
20 deg. Cent., the percentage of infected men varied from 4 
to 52, though the cases of actual illness were relatively 
few. 

It is perhaps interesting to consider the possibility of 
Ankylostoma living on the surface in this country. The 
Greenwich Records for Fifty Years show that the mean 
daily temperature exceeds 60 deg. Fahr. on an average of 
71 days in the year; the average number of days per 
annum on which the temperature rises above 70 deg. Fahr. 
is 77, and on nearly four days per annum does it fail to 
fall below 60 deg. Fahr. The average number of days on 
which the temperature falls to freezing point is 56, and 
on nearly five of these it remains continuously below zero 
for 24 hours. Though the Greenwich Records represent the 
temperature of one of the colder localities in England, 
it would follow that Ankylostoma could only live under 
the most adverse circumstances, and each winter season 
would probably put a stop to the infection of any surface 
locality. Experiment shows, however, that it is quite 
possible for infected faeces left in the open in London to 
give rise to encapsuled larvae. On two occasions in the early 
part of July of last year (1904), I found fully-developed 
larvae in infected stools which had been left in the open 
air, and out of the direct influence of the^ sun, in a 
yard at Guy s Hospital. Similar experiments made during 
the period November to June gave uniformly negative 
results. 

The question of moisture plays a less prominent part in 
the geographical prevalence of the worm, since few localities 
fail to provide the small amount which is absolutely 
necessary. The melancholy history of the Westphalian 
pits illustrates, however, the importance of moisture in the 
degree of vigour which the infection may display. The 
following Table gives the number of cases of marked 
anaemia observed in the Westphalian colliers from 1896 to 
1902 :— 
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1896 ... 107 


1899 . 


94 


1901 . 


.. 1030 


1897 ... 113 


1900 .. 


. 275 


1902 . 


.. 1356 


1898 99 











In 1900 a system of watering the roads was made com- 
pulsory, in order to prevent explosions of coal-dust. This 
desirable object has been, I believe, obtained, but only at 
the price of an epidemic of ankylostomiasis, which has cost 
the coal industry many thousands of pounds, and which is 
still a source of no inconsiderable trouble and danger. 

The only practical application of the need of oxygen 
shown by the developing embryo which is of material 
importance is this — that faeces deposited in and covered by 
water are safely disposed of, since no development will 
then take place. The anaerobic qualities of the adult larvae 
and its power of flourishing in water, render its transport 
by moving water possible and easy ; in this way, infection 
may be brought over a short distance from an area of high 
temperature to one where the eggs would not hatch. Such 
circumstances as would render such a possibility of practical 
importance are of frequent occurrence in mines. When in 
water and undisturbed, the larvae seem to quickly sink to 
the bottom ; and since the finer sediment with which they 
are mixed in the polluted mud or dirt where they develop 
settles more slowly than the larvae themselves, water which 
is perfectly clear on naked eye examination is probably 
free from infection. 

The relation of the larvae to poisonous solutions may 
occasionally play a most important part in the occurrence 
of the disease. An excellent example of this is found in 
the history of the Levant mine, in Cornwall. The present 
workings of this mine are to a large extent under the sea ; 
the ventilation is very imperfect, and the temperature very 
high, rising from 71 deg. Fahr. at the bottom of the down- 
cast shaft to 90 deg. to 93 deg. Fahr. in large areas of the 
deeper workings. The levels, ladders, etc., are wet and 
muddy, and the foecal contamination extensive. A con- 
siderable number of men have returned to work in this 
mine from infected districts abroad, and some men who 
were actually known to harbour Ankylostoma had worked 
here for a time. The conditions, in short, for the intro- 
duction and spread of the disease were at least as favour- 
able as those prevailing in other Cornish mines which were 
severely infected. Yet no trace of Ankylostoma could be 
found. The reason for this evidently lay in the nature of 
the water which permeates the mine. Some of this flows 
in from the land side, and is ordinary spring water, but 
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most of it is derived from the sea by leakage through the 
roof into the upper levels. As a result, the average content 
in salt of seven samples of water from different parts of 
the mine was 2.23 per cent., an amount which, as has been 
shown above, is sufficient to destroy the newly-hatched 
larvae. There is no doubt that this mine owes its freedom 
from Ankylostoma to the somewhat undesirable thinness of 
the roof, and the resulting salinity of the water. 

It will now be apparent that our knowledge of the life- 
history of Ankylostoma is sufficiently accurate and suffi- 
ciently — though far from altogether — complete to afford us 
very clear and definite indications in the matters of preven- 
tion and treatment. 

Prevention of ankylostomiasis is secured by any system 
of disposal of excreta which is in accord with Western 
notions of common cleanliness. 

The treatment of ankylostomiasis may be either the 
treatment of the infected individual or of the infected 
place. The former is beyond the province of the present 
paper ; but, as it in practice becomes an integral part of the 
treatment of places, brief mention of it is necessary. We 
have, fortunately, in thymol a drug which acts as an 
exceedingly efficient anthelmintic for Ankylostoma, if used 
in the proper way. The first necessity is that adequately 
large doses should be given : there is a rather prevalent 
feeling that thymol is an extremely dangerous drug, and a 
consequent tendency to " be on the safe side" in the doses 
which are given. Small doses are " on the safe side" for 
both the host and the parasite, and in consequence no good 
results. The second necessity is that treatment should be 
repeated as often as is necessary to kill all the worms ; this 
can only be judged of by very careful microscopical exami- 
nation of the stool for eggs after each dose. It is worse 
than useless to treat an infected individual without taking 
the trouble to gain an accurate knowledge of the result : 
one dose often fails to kill all the worms, though the 
patient's general health may be much improved. As a 
consequence further treatment is not insisted on, and the 
worm-carrier, efficiently isolated while seriously ill, is 
enabled to go abroad and spread the disease still further. 

The treatment of infected places opens up a very large, 
and in many places still untried, field. The indications are 
clear enough, but in practice the feasibility of following 
them out is of necessity an important consideration. It 
is obviously necessary to prevent further contamination, 
on the one hand by arranging that all faaces shall be 
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disposed of in an adequate manner; on the other, by 
treating everyone who harbours the worm until eggs 
are no longer present in the stools. Re-infection of the 
locality is thus prevented. How to destroy the infection 
already present must depend on local circumstances. . It is 
practically certain that the larvae, long-lived as they are, 
must die out sooner or later, and, since no reproduction of 
individuals takes place outside the body, evacuation of the 
locality would in the end be efficacious. If this is impossible, 
treatment with poisonous solutions might, I am convinced, 
be undertaken in some instances (notably, of course, in 
mines) with some prospect of success. In the case of coal- 
mines, evacuation would result in the production of an 
anaerobic atmosphere in which, after some time, the larvae 
would perish. 

Where the infected area is circumscribed, as in mines or 
tunnels, prevention is easy. The success with which the 
worm has been excluded from the Simplon Tunnel workings 
is a great testimony to the vigilance of those responsible for 
the medical care of the workmen ; it is also conclusive proof 
that such disasters as that at the St. Gothard twenty years 
earlier are quite preventible. The cure, however, of even 
a limited underground area is a matter of difficulty, as the 
Westphalian experience has shown. A system of frequent 
examination of all underground workers, followed by 
treatment of those found to be infected, has been combined 
with apparently efficient efforts to overcome the peculiar 
prejudice in the matter of defsecation which seems to be 
common to all miners. By this means the amount of actual 
illness has been reduced to nil. It is, however, disquieting 
to learn that all the eflforts which have been made during 
the last four years have failed to altogether eradicate the 
infection. At one colliery, for instance, the percentage of 
infected men was 20 per cent, at the first round of 
examination and treatment, 13 per cent, at the second, 
8 per cent, at the third, and 3.6 per cent, at the fourth. 
The figure remained, however, about the same at the fifth, 
sixth, and seventh examinations. This persistence is pro- 
bably accounted for by the fact that the pit is still infected, 
though fresh contamination has been stopped. There are, 
also, a certain number of errors of diagnosis, since worms 
may be present in the intestine, and yet no ova may be 
found in the stools ; and a few cases have been met with 
in which the most vigorous anthelmintic treatment has 
failed. 

Artificial alterations in the temperature and moisture 

N. S. — ^VOL. XXIV. K 
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are in all cases extremely difficult, and in most cases 
quite impracticable. They will also do no more than 
influence the development of the eggs. The same end is 
attained more simply by securing that there should be no 
eggs. In a few cases dryness may be aimed at as an 
auxiliary measure, and in still fewer a slight diminution of 
temperature may be obtained, which may help to turn the 
scale against the worm. 

In the tropics, where the infected locality is co-extensive 
with the inhabited area, little can be done beyond treat- 
ment of cases of definite illness as they arise, and prevention 
of a certain amount of infection by the protection of bare 
feet and legs. It seems to be beyond hope that the 
natives should be induced to assist by disposing of their 
excreta in appointed and suitable places. 

It would seem unnecessary to remark that the recogni- 
tion of Anicylostoma as one of the most potent causes 
of illness and inefficiency in hot climates is the first step 
in the way of treatment. It has, however, always been 
characteristic of the disease that its true nature should 
long remain unsuspected. In Puerto Rico, for instance, 
about one-quarter of all deaths were certified as due to 
** anaemia," yet it remained for Ashford to point out, in 
1900, that the real cause was Ankyloatcmia, In the same 
way, it was not till 1902 that Stiles showed that anky- 
lostomiasis is extremely prevalent in the southern parts 
of the United States. Yet, again, the worm caused much 
illness among the Cornish miners from 1894 onwards ; 
but the real cause of " Dolcoath anaemia" remained un- 
suspected, and necessarily untreated, until it was pointed 
out at the end of 1902 by Haldane. 

Note. — Further iuformation with full bibliographies may be found in — 
Report upon the Prevalence and Oeograpkic DistrihxUion of Hookworm Disease 
in the United States^ by C. W. Stiles, Bull. 10, Hyg. Lab., U.S. Public Health 
and Mar.-Hosp. Service, Washington, 1903, and L' Ankylostomiases by A. 
Calmette and M. Breton, Paris, 1905. 



Discussion on Dr. Boycott's Paper. 

Sir Patrick Manson : I have listened with great interest 
to this admirable Paper, which to ray mind is one of the 
most lucid expositions of the subject of Ankylostomiasis in 
medical literature, at all events in England. 

There are one or two gaps which I should like to see 
filled, especially in reference to the life-history of the 
parasite. Dr. Boycott takes no notice of the views of 
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Giles and other observers, who believe that the Ankylo- 
stoma is capable of reproducing outside the human body as 
well as inside the human body ; that the larvae under 
certain conditions can become sexually mature outside the 
body, and so multiply without ever entering the human 
body. 

Mother point, as regards the life-history, which I 
should like to have seen discussed at greater length, 
is with respect to Looss's recent very important dis- 
coveries as to the way in which infection occurs. I 
understand that Looss is of opinion (as the result of 
experiment, I believe) that the only way in which in- 
fection can occur is by the larvae of the parasite in the 
first place penetrating the skin, entering the circulation, 
passing through the lungs, undergoing certain changes 
there, and then entering the aesophagus, and so passing into 
the stomach. He also says that if the Ankylostome larva is 
introduced directly into the stomach it is digested and so 
disposed of ; he considers that the object which is probably 
served by the passage of the larva through the lungs and 
through the blood is to acquire a certain amount of resistive 
power, which enables it to withstand the action of the 
gastric juice, and so enables it to get along withoiit being 
killed until it reaches its proper habitat, the small intes- 
tine. I know that it has been shown by experiment that 
infection can be produced by the artificial introduction of 
Ankylostoma into the stomach ; but Looss explains this by 
saying that the infection is not produced by the larvae 
that proceed directly to the stomach, but only by larvae 
arrested on their way to the stomach, and which have 
penetrated the walls of the aesophagus in the same way 
that they penetrate the skin when they obtain aecess 
through that channel. 

I should be glad to hear whether any attempts have 
been made to secure the passage of the Ankylostoma larvae 
directly into the stomach, without their being given an 
opportunity of attacking the walls of the aesophagus : for 
example, by introducing larvae in gelatine capsules, or in 
any other way which would prevent them from attack- 
ing the walls of the aesophagus before getting into the 
stomach. 

Ankylostomiasis is an exceedingly common disease in the 
East, and is by no means confined to natives. In this 
country I have seen three or four cases of apparently 
pernicious anaemia which, by examination of the stools with 
a microscope, were found to be Ankylostomiasis. I would 
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strongly recommend anyone who is consulted by an anaemic 
from the Tropics not to neglect the examination of the 
stools with the microscope. I recollect very well one case 
of a patient discharged from a hospital as the subject of an 
incurable form of pernicious anaemia; his stools were found 
to be loaded with the ova of Ankylostoma, and a few doses 
of thymol cured his pernicious anaemia. 

The importance of the Ankylostoma in the Tropics is 
diflScult to over-rate. Dr. Thornhill, who made a very 
complete study of the distribution and prevalence of 
Ankylostomiasis in Ceylon, says that it is far more im- 
portant to the Cingalee than cholera, both directly and 
indirectly. The aggregate mortality is infinitely greater 
than from a disease like cholera, so prevalent is the 
infection. 

I am perfectly sure that if we were to make a sys- 
tematic examination of the stools of Lascars from Tropical 
countries, we should find that in at least half of them 
Ankylostoma are present : not in sufficient numbers, 
perhaps, to produce anaemia, but still the Ankylostoma is 
present. Everywhere throughout the Tropics you will 
find this condition. 

I should like to ask whether Dr. Boycott found Anguil- 
lula in the stools of the miners in Cornwall as well as 
Ankylostoma ; because in Tropical countries, in a large pro- 
proportion of Ankylostoma patients, Anguillula is also 
present. It is not of great pathological importance, but 
from a biological point of view it is interesting. 

May I also ask Dr. Boycott whether he has made any 
experiments with filix-mas in these cases : it is said by 
some to be more effective than thymol. I am myself 
satisfied with the eflSciency of thymol, which is an invalu- 
able drug in the management of intestinal parasites in the 
Tropics ; it will often procure the discharge, not only of 
Ankylostoma, but of round-worms, tape-worms, and flukes 
of several descriptions. Sometimes, after a sufficient dose 
of thymol you will find a perfect museum of organisms in 
the stool. I had one patient in the hospital last year — a 
Lascar from India — in whose intestines and blood we found 
at least half a dozen different parasites. He had Ascaris 
lumbricoides, Tricocephalus dispar, Ankylostoma duodenale, 
Filaria nocturna, and Bilharzia ; he was indeed a perfect 
museum of parasites ; it was possible to give a different 
clinical lecture upon him every day in the week. 

As to the practical management of Ankylostomiasis, I 
may mention that, some time ago, I had a conversation with 
the proprietor of a sugar estate in Trinidad, where Anky- 
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lostomiasis is extremely common. He was put to great 
expense in consequence of the constant sickening of his 
coolies from anaemia. The cause of this anaemia he did not 
know, but he remarked that the coolies working in certain 
fields were extremely liable to a peculiar skin eruption, 
known as " coolie-itch ;" and that all these coolies were, sooner 
or later, invariably struck down by a pernicious anaemia. 
Undoubtedly these coolies working in these particular fields 
had become infected through their skins by the Ankylo- 
stoma larvae. Now, my friend the planter was not aware of 
the pathology of this " coolie-itch " but he argued that the 
coolies became infected somehow through their skins by the 
germ which produced the "coolie-itch;" he believed the 
germ to be a bacterium ; and he thought that if he could 
prevent the bacterial infection he could prevent the subse- 
quent anaemia, and so prevent loss to himself. He set to work 
to try and find out some antiseptic which might be efficient 
as a protection against this infection, and he bethought 
him of an experiment which he had seen made many years 
before in Germany. He was a dyspeptic, and used to pay 
a visit to a certain German spa every year, and there he 
had become intimate with some farmers interested in goose- 
rearing ; these farmers were a long way from the market, 
and in order to get the geese to the market they had to 
travel over great distances. The roads were flinty and 
rough, and the result was that the geese arrived at the 
market with their feet in a very injured condition. To 
prevent this, the farmers devised a peculiar kind of stock- 
ing. They made the geese, before starting on their journey, 
walk through a shallow layer of tar and then through a 
layer of sand ; and in that way they were provided with 
shoes and stockings, and in these shoes and stockings they 
made their journey without injury. My friend the 
Trinidad planter thought he would apply this idea to 
his coolies; so he made them, before going to the fields 
to work, walk through some Barbados tar and after- 
wards through sawdust. The experiment had an excellent 
result. There was no more " coolie-itch" and no more 
anaemia. 

I do not know whether that idea is practicable in every 
circumstance of plantation life, but certainly in this parti- 
cular instance it was an efficient protection against Anky- 
lostoma. 

Dr. Leiper : Mr. Chairman and Gentlemen : I do not 
know that I can with any confidence ofier any criticisms 
upon the excellent Paper which we have heard this evening ; 
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but I will take this opportunity of expressing my thanks 
to the Honorary Secretary for having given me, as a non- 
member, notice of this meeting, and inviting me to be present. 

The subject is one of great practical importance in this 
country — ^greater even, I think, than Dr. Boycott has pointed 
out. One would gather, perhaps, from this Paper that the 
occurrence of this disease in the British Isles was confined 
to the southern parts ; but in Scotland, from which country 
I have recently come, we have, during the last eighteen 
months, met with cases of Ankylostomiasis in Lanarkshire. 
I think it is within the last eighteen months that Professor 
Stockman has put on record a very marked case in the mines 
of Lanarkshire; and I heard at the time of one or two cases 
of a "pernicious" anaemia, which were considered to be 
cases of Ankylostomiasis. It was possible that we were 
then on the verge of a somewhat extensive epidemic of this 
disease in the mines of the west of Scotland ; and it is well 
that the importance of this disease and its prevalence 
should be brought under the notice of medical practitioners 
of mining districts, by a carefully-prepared reaum^ such as 
we have listened to this evening. 

I should like to ask one or two further questions in the 
main line on which Sir Patrick Manson has opened, with 
regard to the method of infection. I have been interested 
to hear that Dr. Boycott had shown experimentally the 
efficiacy of sodium chlorid^e in preventing the development 
of the larvae; and would like to know whether he has 
made any experiment with regard to the action of hydro- 
chloric acid of various strengths on the embryos of diflFerent 
degrees of development. That might have given us some 
light on the question as to whether fully-developed embryos 
were able to pass through the wall of the intestine, or 
whether it was possible that the infection by means of the 
oesophagus is the only way, apart from the skin infection, 
by means of which Ankylostomiasis can be produced. 

Dr. Boycott mentions a point which I should like to call 
in question. He (Dr. Boycott) says that it has been 
clearly established that the anaemia is not due to the 
blood having been extracted by worms : one would be 
inclined to question whether that has been definitely 
established, and whether in the cases of Ankylostoma 
duodenale there has been shown to be an antiferment or 
some toxic substance produced from the worms, somewhat 
similar to that which one can produce from Ascaris and 
other intestinal parasites. Dr. Stockman distinctly states 
that in his opinion the anaemia was caused by the actual 
loss of blood owing to the habits of these creatures. 
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In view of the opinion of so distinguished a hssmatologist 
as Dr. Stockman, who has given so much attention in 
particular to the anaemic conditions, I should like to ask 
whether Dr. Boycott has any further information with 
which to support the allegation he has made. 

Then he stated that it has been somewhat remarkable 
that in some cases you get the fsBces full of eggs which do 
not produce larvae to any extent. I do not think that is a 
point of so very great importance as perhaps Dr. Boycott 
has made out, as it seems to me to depend almost entirely 
on the relative frequency of male and female in the in- 
testine. 

I should like to thank Dr. Boycott for his Paper, from 
which I have learnt a great deal, and in which I have been 
greatly interested, as well as for the demonstrations he has 
given us. 

Professor Kenwood : Mr. President and Gentlemen, I 
do not know that I can add anything to this discussion. 
I came to listen and to learn; and I am afraid if I ask many 
more questions that Dr. Boycott will be quite overwhelmed 
by the number of replies he will have to make. 

But there are just a few points on which I should like to 
ask Dr. Boycott for a little more information. 

With regard to the resisting powers of Ankylostoma 
larv89 to disinfectants, he has given us some interesting 
information. I should like to know whether he can give 
us any facts with regard to the eifEcacy of milk of lime, 
because in the German reports which I have read (including 
the Blue Book on the Westphalian Colliery attacks) they 
seem to be depending entirely on that disinfectant ; at any 
rate, milk of lime was used very extensively. As Dr. Boycott 
has made no reference to it, I should like to know whether 
he considers it eflScient. 

It seems to me to be a most interesting point, that 
natives in tropical climes should suffer from this disease, 
whereas it appears, so far, at any rate, as northern Europe 
is concerned, that it is almost essentially an underground 
disease in Europe. In Germany this remarkable fact has 
been observed : that the miners who contract the disease 
do not give it to their wives and children, or other mem- 
bers of the family who are employed above ground. That 
is the statement given by the British Consul, who seems 
to have collected facts very carefully in Germany. If 
that is so, it is a remarkable circumstance, which is per- 
haps suflEiciently explained by the peculiar conditions of 
moisture and temperature in mines. The conditions in 
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mines are not the same as above ground ; there you get 
considerable heat and moisture combined, and at the same 
time unusual facilities for infection through the mouth and 
through the skin. In the case of these particular West- 
phalian mines, carefully-collected facts seemed to demon- 
strate that no known cases of Ankylostomiasis had been 
recorded in Germany prior to 1896 ; but that at the end of 
1900 they commenced the practice of wet spraying in order 
to lay the dust. The infection seems to have been intro- 
duced prior to that ; doubtless, it had been introduced on 
many previous occasions, but probably the moisture pro- 
duced in the mine was the determining factor which 
enabled the disease to spread as it has done. Dr. Boycott 
points out what a costly business this spraying has been, 
but I think there is something on the credit side. In the 
first place, it has laid the dust, and thus prevented a great 
deal of respiratory disease; it has also proved entirely 
efficient in preventing explosions. 

Lastly, is there anything at all in the horse theory which 
we read about a year or two back ? Of course, one takes it 
for granted there cannot be. There was a very strong 
feeling in Germany that the appearance of this disease was 
coincident with the introduction of horses into the mines ; 
and that feeling was held very generally by the medical 
men as well as by the miners themselves. 

All the recommendations pointed out by Dr. Boycott 
are on sound scientific lines; but to get a miner to use 
sanitary boxes and wash his hands before eating, and so on, 
is, I am informed, an absolute impossibility in this country, 
if not in others. In Germany, tney had tremendous diffi- 
culty in getting the men to take any precautions at all. 
I have been told that it would be absolutely impossible to 
get such regulations observed as would do away with all 
risk ; therefore it seems to be very necessary indeed that 
men who are taken on in mines, if they do not belong to 
the district, should have their previous history thoroughly 
gone into, and their fasces carefully examined, before they 
are allowed to join the workers, having regard to the great 
difficulty there is in exterminating infection when once 
introduced. 

Dr. Low: Sir Patrick Manson has raised one very 
interesting point, not mentioned by Dr. Boycott : the rhab- 
ditic or sexual stage of the Ankylostome outside the body, 
observed and described by Giles and others. This, I think, 
is an important fact in the life-history; and I remember 
Dr. Ozzard, when I was in British Guiana, being very 
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emphatic about such a thing taking place. He afterwards 
published an account of his experiments in the British 
Ouiana Annual. 

As regards Looss* experiments on the Ankylostomes 
entering the body through the the skin, and then going to 
the lungs, it is difficult to understand — still more so to 
prove — how the embryos crawl up from the lung through 
the trachea, and then down the oesophagus. That the 
embryo enters through the skin and gets to the duodenum 
is undoubted ; but more work seems to be required to enable 
us to know how it gets there. 

One point Dr. Boycott did not mention was the pre- 
esence of the Ankylostomes in the duodenum ; it occurs 
there as well as in the jejunum. Another fact noted by 
Dr. Boycott, and that a very important one, was the 
presence of parasites in a host, without the production of 
any definite symptoms. We know, for instance, in filarial 
countries, that large number of the inhabitants have this 
parasite, and yet show no signs of the disease. While in 
Uganda studying sleeping sickness, I noticed this very 
markedly. In reports on the diseases of this country I had 
read that Ankylostomes were said not to exist ; yet at the 
first autopsy I made I found fifty, as well as other in- 
testinal worms. Further examinations of sleeping sickness 
cases and others showed that, though no symptoms of 
helminthological invasion might be present clinically, yet 
those individuals often harboured Ankylostomes, Tricho- 
cephalus, Ascaris lumbricoides, Filaria perstans, and Bil- 
harzia. Though an89mia was present in some, it was not 
of the Ankylostomiasis type, and could always be ex- 
plained as due to sleeping sickness and malarial complica- 
tions. Again, the blood of many of those natives, though 
infested with so many worms, did not show any increase in 
the eosinophile leucocytes. This might be due to a 
gradually-acquired immunity, of course ; but it illustrates 
very forcibly the danger of laying too much stress on this 
feature in the diaornosis of helminthiasis. 

As regards the prevention of the disease amongst natives 
by sanitary measures, this would be very diflBcult. It 
would, I think, be impossible to get them to wash their 
hands or feet in tar, though in coolie gangs employed on 
plantations this might be accomplished by careful super- 
vision. In such situations also much good might be done 
by introducing a system of proper latrines. Such methods 
are, I fear, however, impracticable for the African negro. 
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The President : I will now ask Dr. Boycott to reply ; 
but before doing so, there are one or two points to which I 
should like to draw attention. 

We are again singularly fortunate in our Paper, and the 
Paper we have heard to-night is a worthy and fitting sequel 
to the one we listened to last month. 

All those who have hitherto spoken are authorities on 
the subject ; indeed, we are very fortunate in having those 
present who can speak from personal knowlege on this 
subject. I cannot myself speak from personal knowledge, 
but there are just one or two points that I wish to comment 
upon. 

The first is the possibility of this disease taking root in 
this country. We have heard something of it in the 
Cornish mines, and of the absence of it in the West Riding 
coal-mines; but the fact that it is known in the Lanarkshire 
mines is news to me at least. It may be that the disease 
has a wider extension than we suppose at present ; indeed, 
the question is full of possibilities, but the one that appeals 
to me particularly is the possibility of its existence in 
factories and workshops. We have been told that the 
reason of its being found in mines is the artificial climate 
to be found there. I am sorry to say that an artificial 
climate of that kind is not entirely limited to mines ; we 
have artificial climates just as hot and just as humid in 
many factories. One is reassured to learn from Dr. Boycott's 
Paper that that is not enough; and that if the sanitary 
arrangements are of a kind which can be tolerated in 
modem civilisation, the danger is practically small. That 
is certainly reassuring ; but during the last twelve months 
I have had something to do with organising a crusade in 
that matter, and I am afraid I must admit that there are 
factories and workshops in which the conditions in regard 
to latrines are as primitive as can be found in any human 
habitation, and in some cases are absolutely wanting. The 
particular point is, that in some of these hot and humid 
work-rooms there are latrines in which the conditions, so 
far as temperature and humidity go, would not be un- 
favourable to this disease. Still, we have never heard of 
Ankylostomiasis in connection with factories and work- 
shops, and I hope we shall never do so. We shall take the 
lesson to heart, and it will aflFord an additional reason for 
pressing for this sanitary accommodation, which is so 
absolutely necessary from other points of view. 

I quite agree with what has been said as to the im- 
portance in anj'^ epidemic of the under-current, so to speak, 
of slight and often unrecognised cases. There seem to be 
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always, besides the severe cases, a considerable number of 
slight but still quite obvious cases. In the case of Anky- 
lostomiasis these cases may be unattended by bad symptoms, 
and sometimes even unattended with the discharge of ova, 
which alone would enable us to recognise the disease. This 
point has been worked out in this Paper and in others, and 
I personally attach great importance to it : that there may 
be a wider under-current than we suspect of cases which 
are not, in the clinical sense, cases at all. 

It now only remains for me to tender to Dr. Boycott our 
cordial thanks for his most admirable Paper, the value of 
which is greatly increased by the illustrations and demon- 
strations he has given us, and by the singularly happy way 
in which he delivered his address. 

Dr. Boycott : I have spoken with some diffidence on 
this matter altogether in the presence of those who, like 
Sir Patrick Manson and others, know so much more about 
the matter than I do. 

With regard to developing outside the body, I had 
wanted to say something about that, but I feared to make 
my Paper too long. Personally, I am thoroughly convinced 
that there is no sexual development outside the body, and 
for two reasons : — 

1. I have entirely failed to observe such a development 
myself ; and I have taken a great deal of pains to try to 
notice such a development by feeding larvae on extracts of 
intestine and blood, and by keeping them in anaerobic 
conditions, and all the rest of it. 

2. My attention has been strongly drawn to the fallacy 
that underlies all these experiments outside the body, and 
that is this : all over the world, and in practically every 
soil, are nematode worms, which, so far as their larvae are 
concerned, are practically indistinguishable from Anky- 
lostoma. If you keep these earth nematodes warm, in a 
few days they develop into sexual forms, which are exactly 
the forms which Giles originally described and figured, and 
they have the ordinary sexual apparatus which is common 
to nematodes. What people imagine to be a sexual stage 
of Ankylostoma is really an earth nematode. It is remark- 
able how many of them there are which are practically 
indistinguishable from Ankylostoma. Mr. Cadman, who 
was lately an Inspector of Mines in Staffordshire, took a 
great interest in Ankylostomiasis, and went about with me a 
good deal in connection with this matter ; he was extremely 
helpful in collecting specimens, and so forth. I once 
received some specimens from him which he had obtained 
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in Shropshire, with a communication stating that he had 
found fsBces underground which contained Ankylostoma 
eggs. On making an examination I found that they did 
contain eggs which resembled Ankylostoma, but which 
were really the eggs of a nematode ; there was no suspicion 
that these mines had been infected with Ankylostoma. 
The fact is, there are worms which are doing their best to 
pretend they are Ankylostoma, and so mislead people. 
Other observers have also been misled by them. The 
worms which have been described in some Papers in the 
last three numbers of the Royal Army Medical Corps' 
JouvThal, are clearly ordinary earth nematodes. Major 
Smith concludes that they do not represent the sexual 
stage of Ankylostoma. 

With regard to the experiments of Looss as to the mode 
of transmission from the skin to the intestine. Dr. Low 
mentioned that they are not altogether satisfactory. As to 
thinking that infection cannot take place through the 
mouth, I do not believe it for a moment. The experiments 
of Leichtenstein are quite clear, and all my own experience 
makes me think that mouth infection is quite possible. 
I made a large number of attempts with developed larvaa, 
hatched artificially, to infect myself through the skin : 
with the result that there was no trace of infection, either 
in my blood or in my stools ; afterwards I got the infection 
immediately through my mouth ; so that I have no doubt 
that it is quite possible to become definitely infected 
through the mouth. 

It is hardly credible that the larvae could penetrate 
the walls of the oesophagus, and my own experiments 
did not at all bear out the idea that the larvas are very 
quickly digested in the stomach. I found that the fully- 
developed larvae would live for two or three days in 
artificial gastric juice. 

I am very grateful to Sir Patrick Manson for the idea of 
gelatine capsules. I have almost got some excellent 
volunteers for experiments, and I will certainly try that 
one if I succeed in getting them. 

With reference to the presence of Anguillula in the 
Cornish cases, it was present — or at any rate a worm very 
like it : it seems to be almost inseparable from Ankylo- 
stoma. It has also been found in the Westphalian cases, 
and in the north of France. 

My experience with thymol is the same as that of Sir 
Patrick Manson. Once we did experiment with other 
drugs. We gave one man (before the disease was diag- 
nosed) two drams of filix-mas, and we did not get a single 
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worm: the same man afterwards had a dose of thymol, 
and we got five hundred worms in his stools. Needless 
to say we did not rely any more on Felix-mas. I have 
heard that /3 naphthol is more efficacious than thymoL 

Dr. Leiper mentioned the cases in the Lanarkshire mines. 
I do not understand whether they were cases actually 
infected in Lanarkshire, or brought there from abroad. 

Dr. Leipeb : There was no record of these miners having 
been abroad. 

Dr. Boycott : That is very unfortunate and disquieting, 
because it has always been assumed that the mines in 
Lanarkshire are too cold for Ankylostoma to develop in : 
the temperature, as a rule, is not much above 60 deg. Fahr. 
It only illustrates the danger that the coal industry un- 
doubtedly runs from it. 

With regard to anasmia being due to bleeding, in the 
first place it seems to me extremely doubtful whether the 
worms do suck very much blood. If you examine fresh 
worms, the vast majority have no appearance of having 
blood in them. In the second place, the observations 
would seem to be absolutely conclusive against the anssmia 
being due to this cause. I refer to the observations carried 
out by Haldane. These observations go to show that the 
total hsBmoglobin in the blood was very little less than in 
normal people. Now, in Ankylostoma the total volume of 
the blood is very much increased, and it is increased practi- 
cally in proportion to the diminution of the percentage 
amount of haemoglobin ; that is, if a person has 50 per cent, 
of haemoglobin in his blood, he has his blood volume 
doubled, so that the total haemoglobin in his body is the 
same. The anaemia is produced by dilution of the blood, 
and not by any deficiency of the total haemoglobin in the 
whole body. I am quite aware that the acceptance of 
this conclusion depends upon whether you believe the 
method of determining the total amount of haemoglobin in 
the body to be sound. I believe it is a sound method, and 
I am quite satisfied with it. I would also remind Dr. 
Leiper that Dr. Stockman used to believe that pernicious 
anaemia was due to repeated small losses of blood. 

I have not made any experiments with regard to milk of 
lime, although it has been tried in Germany. 

The idea of the infection passing through horses must be 
wrong. Horses have an Ankylostoma, but it is one which 
is special to themselves, and cannot infect man, and vice 
versd. 

Professor Kenwood has referred to a practical point — as 
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to the possibility of getting miners to use a sanitary pail. 
Any coal-owner who has not tried it will tell you that it is 
absolutely impossible ; but I know of a mine where, for the 
last three or four years, sanitary boxes have been in use, 
and there is no trouble with the men whatever. It is a 
large mine, and the total cost of the thing has turned out 
to be practically nothing. With a mine in which about 
nine hundred men are working, it has cost about £1 a 
week, all told. I believe that if the matter is tackled 
properly, there would not be the slightest difficulty in 
getting it done. Even in Cornwall the men have taken 
to it (comparatively!) quite kindly, and Cornishmen are 
notorious all over the world for their habits in this respect. 
I was interested in what Dr. Low said as to the absence 
of Eosinophilia in natives, and I was wondering whether 
it might be due to the fact that they had had parasites all 
their lives. I should like to ask him whether he found it 
in children at all ? 

Dr. Low : Yes, I did find it in children. 

Dr. Boycott : That might explain it, perhaps. 

The idea suggested by the President, that it is possible 
for ankylostomiasis to be spread in factories is a new one 
to me; and one, I trust, that will not be justified by 
experience. 

As to the mines, of course there are a large number of 
mines in England which are eminently suitable places ; and 
no doubt, unless they do take some care in the matter, 
some time or other they are bound to get it, considering 
how common it is all over the Continent. Now that things 
are " looking up " in the mining world, undoubtedly they 
will have a good many people — under-managers, for in- 
stance — now working in Continental mines, returning to 
England, who may bring infection with them. Once Anky- 
lostoma obtains a firm footing in a mine, getting it out 
again is hardly compatible with going on working the 
mine, and it does amount to being a very serious matter. 

As to the cases which may have no ova in their faeces, 
everyone has seen cases in which, from time to time, no ova 
could be found, but in which the ova were occasionally 
present; and other cases in which no ova were found during 
life, but the worms were found in the post-mortem after- 
wards, so that it was quite clear that they had been 
infected. 



143 



ON THE SPREAD OF SMALL-POX OCCASIONED 

BY SMALL-POX HOSPITALS DURING THE 

EPIDEMIC PERIOD, 1900 to 1904; 

AND 

ITS RELATION TO ATMOSPHERIC CONVECTION. 

By G. S. BUCHANAN, M.D. 



[Read: Friday, April 28e/i, 1903.) 

In 1894 the subject of the spread of small-pox occasioned 
by Small-pox Hospitals, in its general aspects, was brought 
before this Society in the admirable paper by Dr. J. C. 
McVail, which appears in the Thirteenth Volume of our 
Transactions, For more than six years afterwards there 
was practically no opportunity of adding to our knowledge 
of the matter, as during this time the country was almost 
free from small-pox. Now, after the usual fashion, a period 
of small -pox prevalence has succeeded ; and at one time or 
another during the last four years — 1900-01, 1901-02, 
1902-03, and 1908-04 — epidemics of considerable magni- 
tude have occurred in London and in various parts of the 
kingdom. 

The object of this paper is to inquire whether the ability 
of small-pox hospitals to cause the spread of small-pox in 
their vicinity has been again demonstrated during this 
epidemic period, and to consider whether the later facts 
which have been ascertained on this subject support or are 
opposed to the explanation of this circumstance by the 
assumption that particulate infectious matter from a hos- 
pital containing acute cases of small-pox is on occasion 
conveyed through the atmosphere in such a way as to 
infect susceptible people at considerable distances from the 
hospital. 

During the four years in question, the number of hospi- 
tals available for the isolation of small-pox has increased 
all over the country. It may be said, indeed, with an 
approach to truth, that during this period every case of 
small-pox in the kingdom which has been detected has 
been isolated in a hospital of some kind. The exceptions 
to this statement, though themselves numerous, are re- 
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latively insignificant. At first sight, therefore, we should 
expect a superabundance of material to be available for our 
proposed inquiry. But it is, of course, otherwise. The 
administrative lessons of former epidemics have nearly 
always been taken into account by the medical advisers of 
sanitary authorities, in determining whether the use of 
particular hospitals for acute small-pox cases should be 
permitted, or in selecting the site on which a new small- 
pox hospital is to be erected or on which temporary accom- 
modation for small-pox is to be improvised. For example, 
the use for acute cases of small-pox of a hospital which has 
a large population living within half a mile of it has been 
altogether exceptional. In the majority of instances it is 
useless to inquire whether a given hospital heus spread 
small-pox, after the fashion of town hospitals in* former 
years, among those who dwell in its neighbourhood or 
otherwise are habitually brought into its vicinity. The 
number of such persons is too small; the most minute 
inquiry as to the incidence of small-pox amongst them 
could not, in the nature of things, bring out data suflBcient 
to enable inferences to be drawn with any degree of 
certainty. 

We must turn, therefore, to special cases. I propose to 
refer to the experiences of London, Glasgow, Liverpool, 
Manchester, and Gateshead. Each of these five great 
towns has suflfered from epidemic small-pox in the course 
of the last four years ; and for each the incidence of small- 
pox on locality in relation to the small-pox hospital or 
hospitals at which the patients were isolated has been 
carefully studied. Fortunately for the brevity of this 
paper, the results in each instance are published and 
recorded in considerable detail, so that I need only refer to 
the principal facts of each.* 



* 



London: Hospital Ships in Long Reach. — Dr. J. C. Thresh, Trans. 
Epidem. Soc., 1901-2. Dr. Q. S. Buchanan, Report to Local Government 
Board on Small-Pox in the Union of Orsett, 1901-2. 

Glasgow: Belvedere Hospital. — Dr. A. K. Chalmers, Report to Corporation 
of Glasgow on Small-Pox, 1900-1902. 

Liverpool : Three Hospitals. — Dr. R J. Reece, Report to Local Government 
Board on Small-Pox and Small-Pox Hospitals in Liverpool, 1902-1903. 

Manchester: Clayton Vale Hospital. — Dr. J. Niven, Annual Reports of 
Medical Officer of Health for 1902 and 1903. 

Oateshead : Sheriff Hill Hospital. — Dr. G. S. Buchanan, Report to L. G. B. 
on Small-Pox in Gateshead and Felling, 1903-1904, in Relation to Sheriff 
Hill Hospital. 

N.B. — Each of these Reports contains detailed maps of the districts in 
question. 
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London. 

Metropolitan Asylums Board Hospital Skips in Long 

Reach, 

It is natural to begin with London, where formerly small- 
pox hospitals played so prominent a part in determining 
the local distribution of small-pox. A brief reference to 
this earlier experience is desirable, in view of what follows. 
It will be remembered that the Metropolitan Asylums 
Board began to isolate small-pox during the great pandemic 
of 1871, and that until 1886 the hospitals used for the 
purpose were situated within or on the outskirts of the 
Metropolis, being in each instance surrounded by, or at the 
edge of, thickly-populated areas : e.gr., the hospital at Fulham 
(the present " Western*'); at Stockwell,(" South- Western"); 
atDeptford,("^South-Eastern"); and at Hampstead, ("North- 
Western "). It was in respect of Fulham Hospital, during 
the epidemic of 1881, that Mr. W. H. Power demonstrated 
the influence exercised by the hospital on the prevalence of 
small-pox in its neighbourhood. Mr. Power showed that, 
following on the use of this hospital for small-pox, a 
graduated intensity of small-pox incidence upon the sur- 
rounding houses was observed, the percentage of houses 
invaded by small-pox in the neighbourhood of the hospital 
becoming gradually smaller as the distance of these houses 
from the hospital increased. The influence of the hospital 
in this way was most marked within half a mile. It was 
manifested, however, in the zone lying between half and 
one mile from the hospital. This graduated incidence 
from centre to periphery was not to be explained by the 
hospital operations, and it did not follow lines of communi- 
cation and traffic to and from the hospital. 

The striking facts obtained with regard to the Fulham 
Hospital in 1881, which formed the basis of the theory of 
aerial convection of small-pox formulated by Mr. Power, 
inevitably led to inquiry whether other London small- pox 
hospitals had caused spread of the disease in their neigh- 
bourhood ; and whether, or to what extent, such spread 
could be prevented by stringent administrative regulations 
and precautions. Answer to the first question was fur- 
nished by Mr. Power's " Statistics of Small-pox incidence 
in the Registration Districts of London, relatively to the 
operation of Small-pox Hospitals in the Metropolis," 
published in the Report of the Medical Officer of the Local 
Got^emment Board for 1886 — a series of chapters dealing 
with local incidence in the Metropolis for 1876-1885. This 

N. S. — ^VOL. XXIV. L 
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elaborate investigation made it clear that, for whatever 
reason, the local distribution and intensity of small-pox in 
the Metropolis during the epidemics included in the period 
under review, had l3een determined to a very marked 
extent by the operations of the London hospitals receiving 
acute small-pox cases. In particular it brought out 
instances in which the opening for small-pox of a hospital 
in a part of London hitherto comparatively free from the 
disease, {e.g., Hampstead, in 1884), had been speedily 
followed by a severe local outbreak ; and in general, the 
facts afford strong evidence that the persistence of small- 
pox in London, and the excessive prevalence of the disease 
in the Metropolis relatively to that in the provinces during 
this period, were to a large extent attributable to the use 
for small-pox of the London hospitals of the Metropolitan 
Asylums Board. 

Opportunity of investigating the second question mean- 
while had come during the epidemic of 1884-1885. The 
incidence of small-pox in the neighbourhood of Fulham 
Hospital in that year was again studied with great care 
and in great detail by Mr. Power. Notwithstanding a great 
variety of special and stringent precautions adopted at this 
hospital during this period, with a view to prevent oppor- 
tunities of infection arising through hospital communica- 
tions and traffic, the experience of 1881 was repeated. 
Again, there was exceptional incidence of the disease on 
dwellings near to the hospital, manifested within a few 
weeks of the admission of acute cases thereto, and again 
the characteristic graduation was observed. 

Repeated demonstrations, therefore, of the mischief oc- 
casioned by treating acute small-pox cases in London 
hospitals left the Metropolitan Asylums Board no option. 
Henceforth they took all cases of this disease to hospitals 
outside the Metropolis altogether — namely, to the Hospital 
Ships in Long Reach, in connection with which was the 
Gore Farm " convalescent " small-pox hospital at Darenth. 

I come now to the experience of London during the 
epidemic of 1901-2. This epidemic began in August, 1901. 
During the first fortnight in SeptemlDer the number of 
cases brought to the Hospital Ships was 75 ; in succeeding 
fortnights the corresponding numbers were 74,71, 89, 211, 
and 240. Between November, 1901, and Jime, 1902, the 
average daily number of patients under treatment at the 
ships was 164, the maximum being 271 and the mini- 
mum 97. The reason that these figures were not even 
larger was that the bulk of the milder cases were sent on 
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to the Gore Farm Hospital within a few days of their 
arrival at the ships. This circumstance should be noted : 
it entailed a concentration at the Hospital Ships of a large 
number of cases in the acute and most infective stage of 
the disease, together with cases which were too severe to 
allow their removal. The concentration and amount of 
infective material, be it observed, was far greater in the 
Hospital Ships than in any of the provincial hospitals to 
which I refer below. 

Consider next the incidence of small-pox from Septem- 
ber, 1901, to June, 1902, in the neighbourhood of these 
Hospital Ships : (1) on the Essex shore, which at its nearest 
part is separated from the ships by almost the whole 
breadth of the Thames, here nearly half a mile across; 
(2) on the Kent shore, off which the ships were moored ; 
3) on the river itself. 

Many of the facts regarding the Essex shore were 
brought before this Society early in 1902 by Dr. Thresh ; 
others were published in my Report to the Local Govern- 
ment Board on Small- pox in the Orsett Union, issued at 
the end of that year. The large area to be considered is 
indicated on the rough map annlxed. It comprises twelve 
parishes in the Rural District of Orsett, and also the Urban 
District of Grays, a riverside town three miles below the 
ships. Scattered through the rural parishes are various 
collections of dwellings — some agricultural villages ; others 
{e.g,y Purfleet and "West Thurrock") occupied by men 
employed at riverside works. This area, taken as a whole, 
suffered in 1901-2 from an outbreak of small-pox of 
remarkable severity. Per 1,000 of population, the attack 
rate in the twelve rural parishes was 18.5 ; in Grays it 
was 16. The attack rate in London during the same 
period was less than 2 per 1,000. In Holbom, the London 
borough most severely attacked, the attack rate was only 
7.2 per 1,000. During the epidemic in London, small-pox 
appeared from time to time in other localities at similar 
distances from the Metropolis, but no epidemic comparable 
in severity to that in the Orsett Union occurred in any of 
these localities. A special reason for the exceptional 
severity in the Orsett Union had, therefore, to be found. 
It might be that the districts concerned were badly 
organised to deal with small-pox : that the epidemic found 
them without means of isolating cases of the disease, and 
without adequate means of disinfection. Or — as many of 
the children were known to be unvaccinated — it might be 
that infection had been spread wholesale by means of 

l2 
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schools. A large section of the population might have been 
refusing vaccination and re-vaccination, and the magnitude 
of the epidemic might, consequently have been due to 
excessive small-pox among "contacts." Or, again, the 
organisation of the sanitary departments concerned 
might have broken down, with the result that cases were 
not promptly detected and dealt with. Answers in con- 
siderable detail to these and other conjectures which 
naturally were forced upon anyone undertaking a sys- 
tematic inquiry into the outbreak, will be found in my 
Report. From the first, there was no failure in provision 
of hospital isolation for small-pox cases. Throughout the 
epidemic, notified cases of small -pox were promptly removed 
to hospital. Disinfection and other preventive measures 
adopted by the sanitary authorities concerned, were, upon 
the whole, eflSciently carried out. Each district had the 
services of an excellent and hard-working sanitary stafll 
Excessive prevalence of small-pox among " contacts" was 
not a conspicuous feature of the epidemic, and in at least 
four-fifths of the dwellings invaded by small-pox, no case 
of the disease occurred among the " contacts." The occur- 
rence of small-pox among unvaccinated children had been 
frequent, and was responsible in material degree for the 
magnitude of the epidemic, but there had been no instance 
of wholesale spread of small-pox among children, such as 
occurred in Gloucester in 1895. After the first few months 
of the epidemic, the susceptibility of the general popula- 
tion to small-pox had been very greatly decreased, in 
consequence of the enormous amount of vaccination and 
re-vaccination offered and accepted in the Union. 

It was, however, impossible to neglect the obvious key 
furnished by study of the local incidence of the disease. 
The place at which the epidemic had its beginning (in 
September and November, 1901) was the small community 
of Purfleet. Not merely to begin with, but throughout 
the whole epidemic, small-pox prevailed in Purfleet to a 
much greater extent than in other portions of the Union. 
The places which, next after Purfleet, were most heavily 
attacked were the portions of the Union nearest to Purfleet. 
In parishes between two and five miles from Purfleet, 
including Rainham, which is outside the Orsett Union, the 
introduction and recurrence of the disease were in many 
instances found to be attributable to infection contracted 
at Purfleet. This was also the case at Aveley, Grays, West 
Thurrock and South Ockendon. In each of these parishes 
the first cases of small-pox appeared to have contracted 
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their infection at Purfleet. To a less degree, the history 
of Purfleet in regard to small-pox was repeated during 
the latter part of the epidemic in the larger community 
of " West Thurrock,"* which lies between Purfleet and 
Grays, from two to three miles in direct line from the 
Hospital Ships. The facts and figures as to local incidence 
are given in detail in my Report. 

What, apart from their proximity to the Hospital Ships, 
were the peculiar circumstances in which this collection of 
six hundred residents at Purfleet, together with another 
hundred or more people working at Purfleet and returning 
every day to dwellings within a few miles of it, came to 
suffer so severely ? Apply to Purfleet the conjectures with 
which we approached the whole Union. The matter was 
carefully investigated by Dr. Corbet, Dr. Thresh, and my- 
self. The comparative smallness of the population con- 
cerned here made the answers easier. And they were 
definite. Defects in isolation, in disinfection, or in contact 
j^ vaccination; school infection; re- vaccination refusals; mul- 

tiple cases in houses — none of these familiar factors in 
small-pox epidemics, and no combination of them, could 
be accepted as furnishing anything like a sujBScient ex- 
planation of the recurrence of the disease week after week 
and month after month in this community. The local 
medical practitioner, the medical officer of health, the 
sanitary inspector, the inhabitants themselves — all were on 
the lookout for the occurrence of the initial symptoms of 
small-pox — I would dwell particularly on the promptness 
with which cases of small-pox in Purfleet were detected as 
they occurred, and on the rarity of " missed " cases there. 
Most persons in Purfleet were vaccinated or re- vaccinated 
during the early part of the epidemic, and the number of 
residents susceptible to small-pox by March was apparently 
reduced to something under forty, a number of these being 
persons newly arrived in the place. Nevertheless, cases 
continued to occur after March among these few remaining 
susceptibles. 

And all this, as Dr. Thresh showed, has happened before, 
though on a smaller scale. Both in 1884-5, and in 1892-5, 
years in which numbers of small -pox cases were under 
treatment at the Hospital Ships, Orsett Union suffered 
from small-pox. For 1892-5 facts were available, and are 
given by Dr. Thresh and in my Report, to show that in 
each year corresponding to the use of the ships for small- 

* As in my Report to the L. G. B., I have subdivided the large parish 
of West Thurrock into (1) Purfleet, and (2) "West Thurrock." 
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pox, Purfleet and West Thurrock suflFered out of all pro- 
portion to the rest of the Union. 

As to the Kent shore : I will pass over facts which I 
have recorded as to the iSrst occurrence of small-pox in 
1901 at Erith, and in parishes of the Dartford Rural 
District : places two miles or more from the ships ; and deal 
solely with the uninhabited flats within a mile of them. 
On these flats, within a quarter of a mile of the ships, a 
large number of workmen were employed during and after 
December, 1901, in erecting a temporary hospital on shore, 
Up to February 27th, 1902, no case of small-pox was 
received into any shore buildings. From time to time 
during these three months, small-pox occurred among the 
workmen — at least 60 such cases were detected. Persona 
communication between members of the staff' and these 
workmen cannot, however, be excluded as one of the causes 
of the small-pox among them. 

As regards vessels ascertained to have cast anchor in 
Long Reach near to the Hospital Ships, instances are given 
in my Report, in which members of the crew of such 
vessels were found to have sickened with small-pox about 
twelve days afterwards, when in the ports of Rochester, 
Faversham, and London. 

Revert for a moment to the outbreak on the Essex shore 
in the Orsett Union. The exceptional character of that 
outbreak demanded explanation, and one which would 
account for the wholly exceptional and sustained incidence 
of the disease on Purfleet and on places associated with 
Purfleet — the most conspicuous feature in the Orsett 
epidemic. Purfleet village and the riverside works there 
form the only population within a mile of the Hospital 
Ships ; nearly all this population was within three-quarters 
of a mile. During the Orsett outbreak the administration 
of these ships entailed the concentration, almost by the 
hundred, of acute and severe cases of small-pox therein. 
These ships had been put there because hospitals in London 
receiving acute small-pox cases had been shown to spread 
small-pox in their neighbourhood : their influence in this 
respect having been traced on dwellings a mile from the 
hospital. In previous epidemics the operations of the 
Hospital Ships had coincided with prevalence of small-pox 
in Purfleet ; during the present epidemic, crews of vessels 
moored in the river near the ships had become infected, 
while small-pox became rife among workmen on the 
opposite shore. All this affords strong grounds for infer- 
ence that the exceptional severity of the epidemic in 
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Purfleet, (and, to a large extent also, directly or indirectly, 
the magnitude of the outbreak in the whole of the Orsett 
Union), stood to the operations of the Hospital Ships in the 
relation of effect to cause. 

As regards the proviTices, I will not attempt any retro- 
spect of the various instances in which hospital influence 
has been traced in the case of provincial hospitals during 
small-pox epidemics in years antecedent to the four which 
we are now considering. A useful list of certain of these 
instances is given in Dr. Beece's Liverpool Report, to which 
I propose to refer later on. 

Glasgow, l^QO-l^O^.^Belvedere Hospital. 

We are fortunate in possessing a most instructive report 
by Dr. A. K. Chalmers, Medical OflScer of Health for 
Glasgow, which deals in a variety of aspects and in well- 
arranged detail with the epidemic of small-pox in that city 
from 1900 to 1902. In dealing with the relative intensity 
of small-pox incidence during this period on various divi- 
sions of the city, Dr. Chalmers takes for his basis of 
comparison the number of cases which occurred in each 
division relatively to its population : no doubt for the reason 
that the tenement and flat system in Glasgow would intro- 
duce too many uncertainties if he attempted to make 
invaded dwellings his basis of reckoning. Dr. Chalmers 
divides 1900-1902 into pre-epidemic, epidemic, and recru- 
descent periods of small-pox, and he has studied each 
period fortnight by fortnight. The figures as to number 
and rates of attack in the seven large Divisions* of Glasgow 
are as follows : — 

Small-pox in Divisions of Glasgow, April, 1900, to May, 1902. 







Cases Reported in — 


Division. 


Population. 


Pre- Epidemic 
Period, April 
to December. 


Epidemic 

Period, 

January 

to July. 


Recrudescent 

Period, 

November 

to May. 


Central .. 


111,784 


83 


139 


48 


East 


173,104 


216 


863 


205 


North ... 


166,826 


26 


100 


103 


South ... 


132,718 


41 


200 


65 


West ... 


61,092 


23 


29 


24 


South Suburban ... 


64,205 


7 


48 


9 


North- West 


61,984 


1 


10 


16 


Whole City 


761,712 


397 


1389 


469 



* The proper name for what I nave described as "Divisions" is ''Adminis- 
trative Diistricts.'* " Division," however, may save risk of confusion between 
these large "Administrative Districts" and the smaller "Sanitary Districts." 
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Attack Rate per 100,000 of Population in 



Division. 


Pre-Epidemic 


Epidemic 


Recrudescent 




Period. 


Period. 


Period. 


Central... 


74 


124 


43 


East 


124 


498 


118 


North ... 


15 


60 


62 


South ... 


30 


151 


49 


West ... 


37 


47 


39 


South Suburban ... 


11 


76 


14 


North West 


2 


19 


29 


Whole City 


62 


184 


61 



Even when the figures are thus massed together the dis- 
proportionate incidence on the East Division of the Cit}' 
during all three periods becomes evident. Belvedere Hos- 
pital, the sole institution used for the isolation of Glasgow 
small-pox cases, stands within this East Division, and on 
the eastern edge of it. This is shown in the rough 
map annexed. So much of the area within a mile of 
this hospital as is within the City of Glasgow lies wholly 
in the East Division. It contains a large population, viz., 
nearly the whole of the " 7th Sanitary District " (popula- 
tion 66,197), and portions of the " 8th " and " 5th " Sanitary 
Districts. The population lying within half a mile of the 
hospital has not been separately estimated, but it may be 
noted that the area within half a mile is relatively less 
densely populated than that between half and one mile. 

The massed figures just given, however, do not suffice to 
indicate the nature of the exceptionally heavy incidence of 
small-pox on the East Division. To appreciate this it is 
necessary to consult Dr. Chalmers' Tables of fortnightly in- 
cidence during the two years in question. These Tables 
show, as regards the pre-epidemic and epidemic periods, 
that small-pox wasi set going at the end of April, 1900, in 
the Central Division. During the first eight weeks, in 
which a total of 72 cases occurred, the disease became dis- 
tributed throughout six of the seven Divisions of the city, 
without any specially noteworthy incidence on the East 
Division. After June 16th, however, the number of cases 
from the East Division began to be disproportionately large. 
The excess in this Division was maintained in almost every 
fortnight throughout the pre-epidemic period. It was 
augmented during the epidemic period which followed, from 
January to June, 1901. And, practically speaking, it con- 
tinued until the epidemic ceased. After July, 1901^ small- 
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pox disappeared from Glasgow ; the hospital emptied. In 
November there was a recrudescence of the disease. This 
recrudescence occurred in the North Division of the city, 
two miles or more away from the hospital. After a period 
of eight weeks, other Divisions — the Central, South, and 
West — were affected, while a few cases also occurred in the 
East Division. At the end of twelve weeks, by which time 
84 cases had occurred in the city and some 50 were in hos- 
pital, came an outburst in the East Division ; and thereafter 
this Division continued to show an exceptional number of 
cases, fortnight by fortnight, until the end of the period of 
recrudescence. During this recrudescent period the pro- 
portion of susceptible persons in the whole city had become 
enormously reduced by the vaccination and re-vaccination 
performed in 1900 and 1901. It does not appear from Dr. 
Chalmers* Report that the proportion of inhabitants which 
had obtained protection during this time in the Eastern 
Division wai^ any lower than in other divisions of the city. 
Dr. Chalmers writes to me : — 

" It should be' made quite clear that in the Eastern Division of the City it 
was always easier to push re-vaccination than in other districts where public 
apprehension was less, so that the greater incidence of cases in the Eastern 
Division, especially in later stages of the epidemic period as well as during the 
recrudescence, and again during the return last year (1903-4), is all the more 
striking, because the excessive number of cases occurred, in reality, among a 
much smaller number of susceptible people than the relative populations 
would indicate." 

In regard to the number of its vaccinated children at the 
beginning of the epidemic, the Eastern Division compared 
favourably with the rest of the city. 

Dr. Chalmers tells me that he is about to publish further 
records of small-pox in Glasgow, which show, as I under- 
stand, that the experience of the recrudescence of 1902 has 
since been repeated. This time, small-pox again broke out 
in parts of the city remote from the hospital — away to the 
west. After an interval of several weeks, in which the 
hospital had again been taken into use, small-pox reappeared 
and persisted in the East Division ; and in the result the 
East Division again contributed a larger proportion of cases 
than any other part of the city. 

Now, as in Purfleet, all this had occurred before. Many 
years ago, during prevalence of small-pox in the early 
'seventies, an aggregation of cases had occurred in the 
north of the city, around Parliamentary Road Hospital, 
which was then used for the isolation of small-pox. But 
from 1892 to 1897, years in which small-pox was present 
in Glasgow, and in which small-pox cases were admitted to 
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the Belvedere Hospital on the east, the proportion of cases 
contributed by the Eastern Division has been uniformly in 
excess of the proportion of population residing there. 
This Dr. Chalmers has shown by the following Table : — 

Glasgow 8m<dUpox. — Proportion from each Administrative District 
(or Division) of the Total Oases occurring in iSeveral Yea/rs, 





Total 
Cases. 


Percentage of Total Cases. 


Year. 


East. 


Central. 


South. 


North. 


West. 


South 
Sub- 
urban. 


North- 
west. 


1900-1 

1892 

1893 

1894 

1895 

1896 

1897 


1,759 

78 

386 

49 

243 

6 

59 


60.4 
28,2 
45.9 
32.7 
33.4 

57.6 


12.3 
19.2 
24.7 
36.7 
14.0 

3.4 


13.6 
26.9 

9.7 
16.3 

9.0 

32.2 


7.0 

3.9 

12.8 

3.2 

5.8 

5.1 


3.0 

20.5 

3.8 

2.0 

36.2 


3.1 
1.3 
0.8 
4.1 
0.8 

1.7 


0.6 
2.3 
0.8 


Percentage Popu- 
lation, 1901. 


23 


15 


17 


22 


8 


8 


7 



It should be added that for the pre-epidemic and 
epidemic period 1900-1901, Dr. Chalmers studied the 
incidence of small-pox not only on the seven Divisions of 
the city, but also on thirty-three smaller " sanitary dis- 
tricts" into which the city is also subdivided. The same 
result was again apparent. The attack rate of the whole city 
was 2*3 per thousand, that of the " 7th Sanitary District/* 
which includes most of Glasgow within a mile of the 
hospital, was 9.97 per thousand. None of the other thirty- 
two sanitary districts had an attack rate exceeding three 
per thousand, except the 8th Sanitary District, in which 
the rate was 6.46 per thousand, and the 11th, which had a 
rate of 4.2 per thousand. The 11th District was that in 
which the epidemic had begun. Part of the 8th District 
lies within one mile, and the whole of it within one and 
a-quarter miles from Belvedere Hospital. 

Looking to all the circumstances of Glasgow, as set out 
by Dr. Chalmers, it is diflScult to resist the conclusion that 
the operations of the hospital have influenced the distribu- 
tion of small-pox in Glasgow to a very marked extent 
during recent epidemic years ; and that the magnitude and 
persistence of the epidemics which have occurred during 
these years are to a large extent attributable directly and 
indirectly to hospital influence. 
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Gateshead and Felling, 1903-1904. 
Sheriff Hill Hospital, 

During 1903-1904 small-pox was prevalent, to a greater 
or less degree, in various towns at the mouth of the Tyne, 
including Newcastle, which itself contributed a consider- 
able total of cases during these two years. The Borough of 
Gateshead, on the opposite side of the Tyne to Newcastle, 
sustained during this period what may be considered a 
pronounced epidemic (Gateshead, population 110,000; total 
cases, April, 1903, to May, 1904, 510 ; total dwellings 
invaded by small-pox, 316). 

Of other boroughs and urban districts in Tyneside, that 
which showed the highest attack rate was the urban dis- 
trict of Felling, adjoining Gateshead, and to the east of it 
(Felling, population 23,000 ; total cases in the same period, 
155 ; total dwellings invaded by small-pox, 106). The 
relative position of the two districts will be seen from the 
rough map exhibited. Early in 1904, Dr. Eustace Hill 
drew attention to the circumstance that the small-pox 
epidemic in Felling was mainly affecting, not its most 
populous part near the Tyne, but dwellings in the higher 
and comparatively open country to the south — in particular 
a village called Windy Nook, about two miles south of the 
Tyne, and close to the Gateshead - Felling boundary. 
The area specially affected was mainly that within a mile 
of Sheriff Hill Hospital, which was receiving all the 
Gateshead small -pox cases. The village of Windy Nook 
is between a quarter and half a mile from, and north- 
east of, this hospital. This, together with similar ob- 
servations by Dr. Peacock, Medical Officer of Health of 
Felling, led to a detailed inquiry which occupied me for 
many weeks in 1904. into the local distribution of 
small-pox in both Gateshead and Felling. In Gateshead 
the distribution was not unlike that in Felling. Small- 
pox had been prevalent in various parts of Gateshead, 
at lirst (April to November, 1903), with comparatively 
slight intensity, later (December, 1903, to May, 1904), to a 
conspicuous and serious extent. But it was the more 
sparsely populated part of Gateshead — the higher and com- 
paratively open ground near its southern boundary, com- 
prising dwellings near Sheriff Hill Hospital — that had been 
affected to the greatest extent. By a special enumeration 
I ascertained that there were 1,297 dwellings (correspond- 
ing approximately to a population of 6,200) in Gateshead 
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and Felling, which are within half a mile of the hospital. 
The figures as to dwellings, together with fortnightly 
returns for each district, enabled a statistical comparison 
to be made between the incidence of small-pox on houses 
within half a mile of the hospital on the one hand, and on 
those in Gateshead and Felling, which are more than half 
a mile away on the other. The results were as follows : — 

Dwellings newly invaded by small-pox within half 

a mile of the hospital... ... ... 47 per thousand. 

Dwellings newly invaded by small-pox more than 

half a mile from the hospital ... ... 13.7 „ 

I applied also a more searching test, by ascertaining the 
incidence of small-pox on the several wards of Gateshead 
and Felling. In this way it was possible to compare the 
incidence on the half-mile area with that on twelve other 
areas, each more than half a mile from the hospital, and each 
containing somewhere about the same population as the 
half-mile area. The result is shown in the diagram given 
in my report and here exhibited. The incidence on 
dwellings in the half-mile area (47 per thousand) was 
greater than the corresponding incidence in any ward 
of Gateshead or Felling more than half a mile from 
the hospital. The ward more than half a mile from the 
hospital which had the greatest incidence (25 per thou- 
sand) was the East Ward of Gateshead, many dwellings of 
which are within one mile of the hospital. The excess in 
the half mile area so conspicuously shown on comparison 
with the other twelve areas was not the result of a single 
special outbreak near the hospital during a limited time. 
It was found to exist in each of three periods of three 
months, and in the remaining period of four months 
and a half, into which the epidemic was divided; and 
on two or three occasions it was conspicuous within 
a few weeks of the hospital receiving an augmentation 
of acute cases. Moreover, the incidence on dwellings 
within a quarter of a mile of the hospital (82 per 
thousand) was greater than that on dwellings within the 
quarter to half-mile zone (35 per thousand), which again 
was greater than that on dwellings in the rest of Felling 
and Gateshead (13.7 per thousand). It should be added 
that the facts as to vaccination and re- vaccination gave no 
evidence of any special susceptibility of the population of 
the half-mile area as compared with the rest of Gateshead 
and Felling. As the epidemic progressed it was rather the 
other way — the half-mile area came to contain a larger 
proportion of insusceptible people. 
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These facts, together with study of fortnightly returns 
and maps showing invaded dwellings in the whole of 
Gateshead and Felling, indicated that this hospital exer- 
cised during 1903-1904 a very material effect in enhancing 
and maintaining the prevalence of small-pox in both 
districts. 

Manchester, 1902-1904. 

Clayton Vale Hospital. 

Dr. Niven has put on record the facts regarding the 
local incidence of sraall-pox in this city during 1902-03, 
and he has kindly furnished me with corresponding data 
in respect of 1903-04. From December, 1902, to June, 
1903, there occurred in Manchester (population, roughly, 
550,000) a total of 383 reported cases of small-pox ; from 
June, 1903, to November, 1904, the total number of such 
cases was 219. 

During these years the cases in question were isolated 
in Clayton Vale Hospital. The largest number of 
admissions to this hospital in any one fortnight in 1903 
was about 60. Clayton Vale Hospital lies in the 
eastern outskirts of Manchester. The population in its 
neighbourhood is small. In 1900 it was ascertained that 
only 42 persons lived within a quarter of a mile of it, and 
606 persons within half a mile. As regards the half-mile 
area, there are thus very few data to go upon in con- 
sidering hospital influence : the conditions are very 
different from those of Gateshead. But I have been 
led to include Manchester in my list, for the reason 
that Clayton Vale Hospital has a considerable popula- 
tion resident between half and one mile from the 
hospital, namely, a large portion of the Newton Division 
(population 37,143), and nearly the whole of the Clayton 
Division (population, 9,795). 

Dr. Niven's maps show that during 1902-03 only eight, 
ami in 1903-04 only thirteen, cases of small-pox were re- 
ported to have occurred in dwellings situated between half 
a mile and a mile from this hospital. The cases among the 
small population resident within half a mile were only one 
and three respectively. Moreover, Dr. Niven notes that 
" a number of men were employed near the hospital laying 
drains, etc., but none of them developed small-pox, although 
most of them refused to be vaccinated." 

So far, then, as conclusions as to hospital influence can 
be drawn from the behaviour of small-pox in inhabited 
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areas more than half a mile away from Clayton Vale 
Hospital during these years, and from the facts as to the 
small number of people living or working within one half- 
mile of the hospital, the results for Manchester are plainly 
negative. Contrast is at once suggested between this 
negative result and the positive result which was obtained 
in the case of inhabited areas more than half a mile from 
the Hospital Ships in Long Reach. To this I propose to 
revert later; but meanwhile it should be noted that 
Clayton Vale Hospital at no time during 1902-1904 con- 
tained any concentration of recent and severe cases of 
small-pox of the kind which were present on the Hospital 
Ships in 1901-02. 

Liverpool, 1902-03. 
Priory Road, Park Hill, and Fazakerly Hospitals, 

One of the most important contributions to the present 
subject is a report by Dr. R. J. Reece to the Local Govern- 
ment Board, issued within the last few weeks, which 
embodies the results of a laborious study of the question of 
Small-pox and Small-pox Hospitals in Liverpool, during 
the two years 1902-03. In this period, Liverpool (popula- 
tion, roughly, 720,000) suffered far more severely from 
small-pox than did Manchester. From December, 1901, to 
the end of 1902, the total number of cases reported (after 
deduction of certain cases brought by shipping) is given as 
552. At the end of 1902 small-pox was increasing, and at 
the beginning of 1903 it assumed the proportions of a con- 
siderable epidemic, which continued until the end of June. 
1,585 cases of small-pox were notified during the first half 
of 1903. Some 141 others occurred in the later months of 
1903. Small-pox disappeared from Liverpool at the end 
of that year. During the whole period of two years, 
December, 1901, to December, 1903, the total reported 
cases are given as 2,278, and the total number of dwellings 
invaded as 1,632. The situation, as regards populous areas 
of two out of the three hospitals which were used for the 
isolation of small-pox during this period, was exceptional, 
and was favourable to the investigation of hospital 
influence. These hospitals are those at Priory Road 
and Park Hill. 

Priory Road is a small hospital on the north-east of the 
city, with a total accommodation ordinarily reckoned as 
suitable for some forty small-pox patients. The maximum 
number of cases admitted thereto in any one fortnight of 
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the epidemic was sixty-five. This hospital has a consider- 
able population living within half a mile of it, and a large 
population living within one mile. 

Park Hill, a larger hospital than Priory Road, with a 
total accommodation of about 350 beds, is in the south of 
the city, about four miles from the Priory Road Hospital. 
The two hospitals are separated almost by the whole 
length of Liverpool. Park Hill also has a considerable 
population in its neighbourhood, the figures as regards 
houses being : — 





Total Houses distant from the Hospital. 




- J Mile. 


i-i MUe. 


J - J Mile. 


i - 1 Mile. 


Priory Road Hospital 
Park Hill Hospital 
Fazakerly Hospital 


85 

171 

2 


1970 • 
2259 
166 


7257 

4563 
867 


12412 
5617 
1423 



To these I have added the figures for the third hospital — 
Fazakerly — a large hospital outside the city boundary, 
which had accommodation for 160 small-pox patients. 
Fazakerly Hospital, unlike the other two, is in a compara- 
tively sparsely-populated district. The situation of these 
Liverpool hospitals is shown on the rough map exhibited. 

Liverpool did not have all three of its hospitals open for 
small-pox cases throughout the epidemic. The periods 
during which the several liospitals were open to receive 
cases were as follows : — 





Approximate 


Hospital or Hospitals to 


Period. 


Number of 


which Cases of Small-pox 




Weeks in Period. 


were Admitted. 


eth December, 1901, to 10th 


53 


Priory Road. 


December, 1902 






10th December, 1902, to 12th 


5 


Priory Road, Fazakerly. 


January, 1903 






12th January, 1903, to 26th 


19 


Priory Road, Fazakerly, Park 


May, 1903 




Hill. 


26th May, 1903, to Ist July, 


5 


Fazakerly, Park Hill. 


1903 






Ist July, 1903, to November, 


21 


Fazakerly. 


1903 
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The extent to which cases of small-pox were admitted 
to the several hospitals during each of the above periods 
is shown by the diagram given in Dr. Recce's Report. 
The rapid admission of large numbers of small-pox cases 
into Park Hill Hospital in January, 1903, is well illustrated 
by this diagram. 

Now, anyone knowing the facts only thus far, but 
acquainted with Mr. Power's researches on the behaviour 
of small-pox in London before 1885, would at once fasten 
upon this sudden opening of Park Hill Hospital in 
January, 1903, as the most obvious point for inquiry. 
What was the history as regards sraall-pox of the populous 
areas near this hospital before it was opened, and what 
happened afterwards ? Dr. Reece's report gives a clear 
answer. Before January, 1903, the central part of the 
city, and also — and especially — its north-eastern part near 
to Priory Road Hospital, had been principally affected. 
Cases had occurred from time to time in the area within a 
mile of the (as regards small-pox) empty Park Hill 
Hospital; but relatively to the rest of the city, the 
incidence of small-pox on this area had been slight. Park 
Hill Hospital was opened on January 12th, to meet a 
sudden demand for extra isolation, entailed by a localised 
outbreak in the central part of the city, due to an unnotified 
and severe case which was moribund when discovered. 
The admissions to Park Hill Hospital in successive fort- 
nights ended January 17th and 31st, February 14th and 
28th, were respectively 7, 88, 55, and 97. The houses 
newly invaded in the inhabited area within a mile of the 
hospital, in the fortnights ended January 3rd, 17th, 31st, 
and February 14th, were respectively 4, 3, 2, and 3. Then, 
in the fortnight ended February 28th, the number of 
invaded dwellings in the mile area rose to 31 ; and in the 
three following fortnights 23, 5o, and 40 houses in this 
area were newly invaded by the disease. And until Park 
Hill Hospital ceased to receive cases of small-pox, in June, 
this area continued to suffer to a far greater extent, 
relatively, than the rest of Liverpool. This is shown 
graphically in Dr. Recce's diagram, exhibited. 

In the matter of graduation of incidence of small-pox, 
again, the familiar experience was repeated. The following 
are the figures ; the rates of invasion at different distances 
from the hospital are also shown on Diagram II, extracted 
from Dr. Recce's Report. 
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December *Jth, 1902, to June 2Qth, 1903. 
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As regards the other two hospitals, it will be seen from 
Dr. Reece's tables and diagrams that, during the first year, 
1902, when the smaller Priory Road Hospital sufficed for 
Liverpool cases, the incidence upon dwellings within a mile 
of that hospital exceeded that on the rest of Liverpool, in- 
cluding that on the mile area round the two hospitals, 
Fazakerley and Park Hill, which then were not receiving 
any small-pox cases. From December 8th, 1901, to Decem- 
ber 6th, 1902, the invasion rate was only 1.6 per thousand 
houses in the city more than one mile away from Priory 
Road Hospital ; while it was 2.76 on houses situated within 
a mile of the hospital, 3.33 on houses within three-quarters 
of a mile of the hospital, and 6.81 on houses within half a 
mile of the hospital. 

I may refer to two other points which come out from 
study of the fortnightly maps given in this Report. The 
first is, that in the early part of the second year, 1903, after 
both Park Hill and Priory Hospitals had become full of 
small-pox cases, the bulk of the city, which is more than 
one mile from either hospital, is seen to have been afiected 
to a much less extent than either of the areas within a mile 
of these hospitals. The second is, that towards the end of 
the epidemic, in the second half of 1903, small-pox, which 
was dying out in the city, and dying out of the Park Hill 
and Priory Road Hospital areas, lingered to a very notice- 
able degree in the comparatively sparsely-populated areas 

* Two hundred and ninety-six of these houses were invaded between 7th 
December and 14th February, during which time only twelve houses in the 
mile area were invaded. The hospital did not receive any small-pox case s 
before 12th January, 1903. 

N. S. — VOL. XXIV. M 
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round Fazakerly Hospital, which during that time had 
been receiving the whole of Liverpool's small-pox causes. 

The history of these two epidemic years in Liverpool, as 
given in Dr. Recce's Report, affords a striking and recent 
illustration of the way in which, in epidemic years, the 
local distribution of small-pox in a large inhabited area 
may be determined by the operations of small-pox hospitals 
situated within or on the outskirts of that area. 



General Review of Sm^ill-pox Hospital Influence, 

1900-4, IN THE Above Cases. 

Let us consider the facts above summarised regarding 
the epidemic period 1900-4. In one instance, Manchester, 
which must be considered with the reservations above 
noted, the evidence of hospital influence is negative. But 
in the other four cases which I have reviewed, definite 
positive evidence of hospital influence has been forth- 
coming. Clearly, the Hospital Ships in Long Reach, the 
Hospitals of Belvedere, Sheriff Hill, Park Hill, and Priory 
Road, have exerted a very conspicuous influence in 
enhancing the prevalence of small-pox respectively in the 
Orsett Union, in Glasgow, in Gateshead and Felling, and 
in Liverpool. 

Besides Manchester, there may have been other towns in 
the kingdom during 1900-4 in which there has been a 
notable prevalence of small-pox, in which small-pox 
cases have been received in a hospital or hospitals so 
situated in regard to populous areas as to permit the 
matter to be tested, in which it has actually been tested by 
careful study, in which the facts have been exactly 
recorded, and have proved negative as regards hospital 
influence. If such cases exist, I regret that I have been 
unable to find them, and, consequently, have not included 
them in my paper. 

Obviously, the Manchester case, together with other 
recorded instances (if such exist) that arc negative in the 
above sense, demand careful consideration and comparison 
with the numerous positive instances. But they do not in 
least take away from the importance of these positive 
instances. No one would claim that contamination by 
typhoid excrement of a stream on a gathering-ground 
must always be followed by an epidemic of typhoid 
among the water consumers. Conversely, no one would 
claim the escape of the consumers from such an epidemic. 
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as evidence that water contaminated by typhoid excrem^it" 
cannot cause typhoid outbreaks. Whatever explanation 
we give of it, we are bound to accept the fact that when 
hospitals used for acute cases of small -pox have been 
situated in or near to populous areas, they have frequently 
had the effect of starting, augmenting, or maintaining the 
prevalence of small-pox in those areas. The areas in 
question have been influenced in a special fashion, charac- 
terised by an incidence of small-pox on their dwellings, 
which diminishes in intensity with the distance from the 
hospital, and has been traced as far as a mile away. The 
influence exerted in the above circumstances has again and 
again been one of the principal facts, if not the dominating 
fact, of a small-pox epidemic, and thus has ^itailed very 
serious consequences to the public health. 

We cannot get away from these facts; they are as 
definite as any known to epidemiology. When Dr. McVail 
read the paper to which I have alluded, in 1894, they had 
already been ascertained by a multiplicity of careful and 
detailed observations, in respect or many hospitals, in 
different epidemics, in London and the provinces. Absence 
of small-pox, and the general removal of small-pox hospitals 
to sparsely-populated areas, led, perhaps, to this having 
been to some extent forgotten a few years ago. Recent 
epidemics have now enabled the question to be tested 
afresh, with results entirely confirming those of former 
years. "Hospital influence," and its explanation, must 
remain one of the most important chapters in the natural 
history of small-pox. 

Explanation of " Hospital Influence." 

To come now to the explanation of the facts, and their 
bearing on the thesis of aerial convection. Any one who 
studies Mr. Power's writings of twenty years ago on this 
subject, will find that the principal basis of his thesis of 
aerial convection consists, not — as is sometimes wrongly 
stated — of an elimination of every other possible cause of 
spread of small-pox in the neighbourhood of the hospital, 
but in the explanation which it afforded of one of the 
principal manifestations of this hospital influence — the 
characteristic graduation in the incidence of small-pox on 
the neighbourhood of the hospital. Now, in 1900-4 we 
have again had striking evidence of the existence of this 
graduation occurring in different epidemics round a plurality 
of hospitals. Again it has to be. accounted for, and the 

M 2 
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conditions of inquiry demand that the explanation should 
be consistent, and one which is applicable to each of these 
hospitals in each of these epidemics. 

Graduated intensity of small-pox incidence has never 
been explained by traffic of vehicles and ambulances to and 
from the hospital, by communications of patients in the 
hospital with other persons outside, or by incomings and 
outgoings of staff. Nor do such explanations assist in 
regard to the hospitals of 1900-4. In none of these 
instances is there any evidence that the staff was recruited 
from the immediate locality of the hospital : we all know 
that a hospital staff is not obtained in this way. Nor is 
there any evidence that the visits of the staff to shops or to 
houses of friends were graduated in frequency according to 
the distance of these houses and shops from the hospital. 
In Gateshead I obtained direct evidence in the contrary 
sense : when the staff left the hospital (which happened 
comparatively rarely), their custom was to go straight 
down to the busy centres and shops of the town, or over to 
Newcastle. Similarlv, it is not the custom of munici- 
palities to select the contractors who supply the hospital 
with food or stores, according to the proximity of their 
houses to the hospital. So, too, with regard to visitors or 
friends of patients, coming to the hospital, looking over the 
wall, through the gates or railings, and the like. In the 
1900-4 cases, where such authorised or unauthorised visits 
were made, I can find no evidence that those who came 
most frequently were persons dwelling within a quarter of 
a mile ; next, those who dwelt between a quarter and half- 
mile from the hospital, and so on. Consider, for example, 
the case of Belvedere Hospital in the two periods of recru- 
descence. Here, on each occasion, the small-pox cases first 
admitted to the hospital came from a part of Glasgow some 
miles from the hospital ; and it is impossible to account for 
the outbreak which in each case followed in the hospital 
neighbourhood on any assumption of visits of friends or 
relatives. The suggestion has been made that mere 
curiosity of the inhabitants living near to a small-pox 
hospital would encourage them to try to communicate with 
patients. Possibly, for a time, or on some special occasion ; 
but on what grounds can we assume such persistent and 
graduated curiosity continuing month after month and year 
after year ? Gross maladministration, a staff incompetent 
or improperly supervised, patients getting out of hospital 
grounds inadequately enclosed, might entail local spread of 
small-pox due to personal communication among persons 
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living nearest to the hospital. Such opportunities were 
afforded the other day in the case of Dewsbury Hospital. 
But who can suppose such gross maladministration at 
Glasgow, or at Liverpool ? In such cities we have not gone 
back in our hospital organisation or in our precautions 
during the last twenty years ; we have advanced. 

Ambulance traffic has specially to be considered. It has 
been suggested that the small-pox patient in an ambulance 
gives off particulate infection of small-pox into the air, and 
that aerial convection for short distances of these infective 
particles, operating on a susceptible individual during a 
very short period of time, would be more likely to give him 
small-pox than would infective particles derived from an 
aggregation of acute small-pox cases, and conveyed through 
the atmosphere from a greater distance. On this assump- 
tion, the concentration of ambulance traffic towards a given 
hospital might be expected to occasion an exceptional inva- 
sion of dwellings near to the hospital, and also might, in 
some measure, explain graduation of incidence. But, as 
Mr. Power showed, we should expect, if this were so, to find 
the invaded houses grouped along, or near to, main lines of 
communication and traffic to the hospital, and this he found 
not to be the case. I cannot do better, also, than quote Dr. 
McV ail's observations on this point : I am unable to find 
any evidence from the experiences of 1900-1904 which 
points to a different conclusion : — 

" It is true that people living in one street might encounter the ambulance 
in another, and go home and lie down with the disease a fortnight later. But 
it is equally true, that on any sufficient basis of facts, a larger proportion of 
people beloDgiDg to the streets traversed by the vans would be exposed to the 
ambulance influence, than of people belonging to other streets. And, in 
regard to those who met the van in one street and lived elsewhere, it would 
be a very extraordinary thing if the houses to which these people returned 
happened to be arranged in numbers diminishing regularly according to the 
distance from the hospital to which the van was travelling. It would be still 
more extraordinary if this same regularity of arrangement were found to 
repeat itself around the same hospital in epidemic after epidemic.'* 

We must admit, then, as regards the 1900-1904 experi- 
ence, that we cannot fix responsibility on to any single 
component of " hospital communication and traffic," any 
more than we have been able to do so in the case of Fulham 
in 1885, or in other subsequent instances. We cannot say 
it is the ambulances, or the staff, or the patients' friends, or 
the tradesmen. But it is worth considering whether the 
sum of all these possibilities of infection can account for 
the influence of the hospital on its neighbourhood — direct 
personal communication with a patient here, indirect infec- 
tion by a nurse there ; an ambulance on this occasion ; a 
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wall-cHmbing patient on that, a porter's visit without dis- 
infection on a third. True, the graduation of incidence is 
not explained in this way, but may it be that in some 
manner or other not yet understood the total effect of all 
these things may give us graduation ? 

My own observations as regards two of the hospitals 
which spread small-pox in 1900-4 point to a negative 
answer to this question. The hospitals are Sheriff* Hill 
and the Hospital Ships. Sheriff^ Hill Hospital is close to 
the boundary of Gateshead and Felling. During the epi- 
demic of 1900-4 all the small-pox cases in this hospital 
came from Gateshead.^ Felling had its own hospital more 
than two miles away. No ambulance came to the hospital 
from or through Felling ; the friends of patients and oUiers 
who came to the hospital, came, not from Felling but from 
Gateshead. The statf of the hospital had nothing to do 
with Felling, and never went there. The Felling people at 
Windy Nook, who suffered severely and persistently during 
the epidemic, had no curiosity as regards the Gateshead 
patients in the hospital on the hill above them ; it was true 
that many of their friends had small-pox, but these were at 
Felling Hospital. Windy Nook people, going into Felling, 
or to Gateshead, or to Newcastle, would have to go out of 
their way and up-hill in order to pass the Sheriff' Hill Hos- 
pital. In short, the sum of '' hospital communication and 
traffic," in regard to Felling, was practically nil. Never- 
theless, as my report shows, the exceptional incidence of 
small-pox was more conspicuous on the Felling side of 
Sheriff Hill Hospital than that on the dwellings in Gates- 
head, at corresponding distances from the hospital. 

The Hospital Ships in Long Reach during 1901-2 had 
abundant communication on the Kent shore with Dartford. 
They are moored oft' the Kent shore, and all their land 
traffic and communications are with this side. Neither 
ambulance steamers, patients, nor staff had anything to do 
with Purfleet, half a mile away across the water. Hospital 
communication and traffic in this case was non-existent. 
Anyone acquainted with Purfleet, and who has also lived 
on the ships, as I have done, knows that there is not the 
least attraction in that place, and that the staff has nothing 
to gain by rowing across there, even if the ships' rules 
allowed it. I have been told that the statement has been 
made that in 1895 members of the staff did sometimes row 
across to Purfleet, and that it has hence been inferred that 
in 1901-2 thei:e may again have been such communication. 
I claioi, however, in this case to speak with the authority 
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of most careful local inquiry on many occasions throughout 
the latter epidemic. Moreover, if any such visits occurred, 
they could afford satisfactory explanation of the Purfleet 
epidemic only on the assumption that they were made 
systematically week by week, or month by month, 
throughout that epidemic ; that members of the staff were 
able to get boats for this purpose, and so systematically to 
transgress the hospital rules ; that on each occasion they 
further transgressed the hospital rules by neglecting to 
change their clothing and carry out the prescribed rules for 
disinfection; and that on each occasion they landed at 
Purfleet, left their boat and mixed with its inhabitants 
without it being known who they were, or whence they 
had come. Such assumptions have no basis in fact. 

Nor does the negative experience of Manchester help 
us in this connection. The factors which I have enu- 
merated existed in Manchester as elsewhere. Ambulances 
converged to Clayton Vale Hospital from all parts of the 
city ; the staff was not kept for two years within the walls 
of the hospital ; Dv- Niven specially notes that people came 
to the hospital on Sundays, looked into the groundis, and 
all the rest of it. No doubt, as a whole, the administrative 
precautions taken by Manchester against spread of infection 
by hospital communications and traffic were excellent — 
this may be expected of Manchester. But what is the 
evidence that they differed, to any material degree, from 
those of Liverpool or Glasgow ? It is hard to say which 
of these three great cities we should select if we required 
to show instances of excellent modern administration, 
in the matter of ambulance service, hospital precautions, 
and the like. 

We have now to consider the recognised explanation of 
" hospital influence '* — the hypothesis of aerial convection — 
in relation to the behaviour of small-pox during the 1900-4 
period in dwellings in the neighbourhood of the several 
hospitals under consideration. 

Considerations as to "Aerial Convection." 

Aerial convection, as an explanation of "hospital in- 
fluence," requires it to be granted, in the first instance, 
that the infective material by which small-pox infection is 
transmitted is particulate ; that the air of hospital wards 
in which acute cases of small-pox are isolated contains, 
often or always, an abundance of infectious particulate 
matter; and that, these particles may be carried up into 
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the outer atmosphere by currents of warm air rising from 
the hospital. 

In these circumstances, the fate of the floating particles 
will be determined by the prevalent conditions of the 
atmosphere : wind, temperature, moisture, and the like. 
It may be' presumed that when (as will most usually 
happen) they meet with a definite wind of moderate or 
strong velocity, they will thereby, in ordinary cases, become 
spread out and scattered, so that the individual particles, 
by the time they have ultimately fallen, are, so to speak, 
anywhere ; the greater part of them, most likely, having 
been carried far away from the neighbourhood of the 
hospital. Again, if the escaping particles are carried from 
the hospital into a shower of rain, they will presumably 
be cleared out of the air and washed to the earth. The 
theory of aerial convection, as applied to explain the 
characteristic incidence of small-pox round the hospital, 
requires that from time to time meteorological conditions 
will enable the floating particles to be carried by light air 
currents for variable distances, in such a way that the 
floating matter undergoes no great degree of dispersion, 
and tends to settle over comparatively limited areas in the 
neighbourhood of the hospital. The situation of these 
areas in regard to the hospital will in such circumstances 
be governed by the character and direction of the prevail- 
ing convection currents. The result is that, now and 
again, and here and there, persons living in the vicinity of 
the hospital become exposed, it may be for a few minutes 
or for a few hours, to the inhalation of air which, in regard 
of the floating particles it contains, approximates in 
infective ability to that escaping from the acute small-pox 
ward of the hospital. 

It will, I think, be readily admitted that a hypothesis of 
aerial convection operating in some such manner as this 
affords (what we cannot otherwise obtain) a consistent 
explanation of the facts of 1900-4 with regard to all the 
hospitals which spread small-pox in their neighbourhood. 
If accepted, it accounts for Purfleet and Felling as well as 
for Liverpool and Glasgow. It explains the transference 
of the disease from one quarter of the city to another, as a 
result of the hospital operations of Glasgow and Liverpool. 
It explains the persistence and recurrence of "hospital 
influence" during period after period of small-pox preva- 
lence. It enables us to understand how it is that this 
hospital influence has continued to be exerted in large 
cities, notwithstanding, modern sanitary organisation and 
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modem improvements in hospital administration. Es- 
pecially, also, it enables us to comprehend the occurrence 
of graduation in intensity of small-pox incidence. And, 
finally, this hypothesis is the only consistent explanation 
of the instances of "hospital influence" in former years; 
and thus we have a means of reconciling present and past 
experience in this respect. 

It should be added, also, that the hypothesis of aerial 
convection gives us a suggestion of the reason for the 
escape of Manchester. Dr. Niven i^who some years ago had 
experience of spread of small-pox round the Westhulme 
Hospital of Oldham, and also, I understand, at the Monsall 
Hospital of Manchester) adopted at Clayton Vale Hospital, 
Manchester, both in 1902-3 and in 1903-4, methods specially 
designed to reduce the access of particulate infectious 
matter to the air of the hospital. Great care was taken in 
the cleansing of the wards, so that the amount of dust was 
reduced to a minimum. Every case of small-pox in the 
acute stage was oiled, twice daily, with a 2.5 per cent, 
solution of carbolic oil. In special and severe cases, 
extensive portions of the body, or even the whole body, 
were kept swathed in lint wrung out of boric solution and 
enclosed by gutta-percha tissue, while a mask of the same 
kind was placed over the face — other pai-ts of the body not 
so dressed were kept oiled. It should be noted that this 
system, the persistent performance of which is, in Dr. 
Niven's words, an unpleeusant and tedious work, requiring 
both energy and determination, was much more than the 
mere limited application of carbolic oil or dressings to 
certain cases, which is practised in many small- pox hospitals. 
As I have said, the smallness of the population living 
within half a mile of Clayton Vale Hospital, and the 
comparatively limited proportions of the epidemics in 
Manchester, makes caution necessary in drawing conclusions 
from the absence of " hospital influence " there. But it is 
at least very suggestive that the negative results of 
Manchester are met with in the case of a hospital where 
special care was taken to prevent aerial convection of 
particulate matter. 

During the many years in which the thesis of aerial 
convection has been available, and has been discussed as 
an explanation of " hospital influence," it has not been 
objected to, so far as I am aware, on the ground that it 
involves unlikely or extravagant assumptions. At the 
same time, I hare occcusionally found colleagues in the 
public health service who are not only sceptical as to the 
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existence of aerial convection, biit who also go so far as to 
prefer leaving hospital influence unexplained to accepting 
aerial convection as the explanation. For example, they 
will refuse to consider the possibility that a given case of 
sn) all-pox in the neighbourhood of a small-pox hospital has 
been caused by aerial convection so long as there is any 
chance, however remote, that the patient contracted his 
small-pox (apart from any relations with the hospital) by 
"direct" or by " mediate'* infection, or by exposure to a hypo- 
thetical " missed case." On these lines, particularly if the 
term "mediate" is made sufficiently elastic, they can without 
much difficulty dispose of nearly every case in the hospital 
neighbourhood. But, having done so, they leave us in a 
worse position than before : a position in which it is 
necessary to assume that the causes of direct or " mediate " 
infection — the tramp, the contact of the contact, the " missed 
case," and the rest, are more dangerous to people who happen 
to live in the neighbourhood of the hospital than to those 
who live elsewhere. 

This untenable position no doubt in part is merely the 
result of their having been unable to see thtj wood for the 
trees. But the basis of it is, probably, an impression that 
the suppositions involved in aerial convection are, a priori, 
improbable. It may be useful, therefore, briefly to inquire : 
Do the assumptions of the aerial hypothesis conflict with 
present-day knowledge as to the nature of small -pox 
infection, or as to the behaviour of floating particles in 
the air ? 

The infection of small-pox is certainly particulate. We 
do not know much regarding the micro-organism of variola, 
but there is no question that it must be present in 
abundance in the secretions and exudations of the mouth 
and air-passages, and in the vesicles on the skin, of an 
acute case of small-pox. Dr. Mervyn Gordon's recent 
work on salivary bacteria helps us to realise the enormous 
number of minute particles of infectious saliva and mucus 
which must be projected into the air when a patient who 
has abundant eruption, accompanied by copious secretion, 
in his mouth and throat, shouts, sneezes, or coughs. It is 
inevitable, also, that minute particles of epidermis, fresh 
from contact with virulent small -pox lymph, must be shed 
in immense quantity into the atmosphere of a small-pox 
ward, particularly when patients are restless or struggling. 
There is an obvious diflFerence between acute cases of small- 
pox and acute cases of scarlet fever in the degree of their 
ability to caist infective particles into the air. If asked; as' 
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to the relative danger incurred in exposing susceptible 
persons to the atmosphere of a ward containing acute 
small-pox and one containing acute scarlet fever, general 
, experience of both diseases would justify us in attributing 

f the greater danger to small-pox. It should be added also 

that there is ample evidence that the infectivity of the 
small- pox virus is not destroyed by dessication. 

An abundance of floating infectious particles in air es- 
caping from a small-pox ward may then reasonably be 
assumed. It is needless to dwell on the ability of fine 
particulate matter to float in thie air and to be carried by 
air-currents, or upon its tendency to fall. We need not go 
for illustration to TyndalFs experiments, or to Krakatoa, or 
toTtfont Pelee : observation of the household chimney will 
suflSce. If biological illustrations are desired, there is the 
experiment of Hutchison, who sprayed B. prodigiosus into 
the open air of the parade-ground at Gottingen, and re- 
covered the bacilli on plates 170 and 600 metres away. Dr. 
Gordon informs me that he has found evidence of the con- 
vection of microscopic droplets of saliva to at least 150 feet 
from the mouth of the speaker in a large assembly-room. 

The important question is, of course, the ability of these 
floating particles, in suitable conditions, to settle in the 
neighbourhood of the hospital ^without a great degree of 
dispersion. Here, again, we can form some judgment of the 
probability of this occurrence from familiar observations. 
Instances are known in which weighable quantities of 
metallic deposit, consisting of fine solid particles derived 
from zinc- or copper-smelting works, have been obtained 
from leaves and foliage collected many miles away from 
the chimney responsible. Again, in the case of alkali 
works, minute floating particles of moisture, saturated 
with acid gases, are carried long distances in the air 
before they fall ; and it frequently happens (particu- 
larly on cold nights, accompanied by very gentle breezes) 
that the air-current containing these acid particles pitches, 
as it were, on a limited area a mile or two away 
from the works, producing a strictly localised destruc- 
tion of vegetation. In such cases, the alkali company 
does not question aerial convection : it pays compen- 
sation. A more familiar instance, and perhaps a better 
analogy, is a factory chimney giving out smoke on a 
comparatively calm day. The eye can trace the smoke 
particles, along lines of steady air-currents, in their ascent, 
. in their deflection from the chimney, and in their descent. 
The smoke can be watched as it nears the ground ; it may 
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be close to the chimney or a mile away from it, spreading 
out and depositing its particles over a comparatively small 
area. It may be remembered, in connection with this 
analogy of a chimney, that the volume of air escaping from 
the wards of a small-pox hospital is usually large, and that 
the difference in temperature between the hospital and the 
outer air is often considerable. The effect of this tempera- 
ture difference, on a calm day, would be to carry floating 
particles in the first instance to a considerable height above 
the hospital. 

The chimney analogy is also useful in considering the 
limitations which the facts require us to place on the 
operation of aerial infectivity. Individual dwellings, 
groups of dwellings, or institutions, may be in the neigh- 
bourhood of the factory chimney, even close up to it, and 
yet the accidents of air-currents have never, throughout 
several months, brought them at any one time more than a 
few unnoticed soot particles. In other dwellings, or groups 
of dwellings, it may happen perhaps twice in one day that 
the inhabitants have cause to ask " where these blacks are 
coming from V* 

Much more could be said on this subject, but the above 
considerations, I think, sufficiently indicate that the 
assumption that, on occasion, particulate matter from the 
hospital descends in the neighbourhood without a great 
degree of dispersion is in no way exacting. There would, 
indeed, be strong grounds for disputing a contrary pro- 
position. 

From a priori considerations, however, we should expect 
these occasions to be relatively infrequent. There are 
many obvious reasons which make it impossible to believe 
that they continually arise, hour by hour and day by day, 
in all states of wind, temperature and moisture. This 
point, though self-evident, is important : the theory of 
aerial convection, as an explanation of the known facts of 
small-pox hospital influence, requires that the occasions on 
which infection can be carried aerially should be relatively 
infrequent. This consideration, though fully dealt with by 
Mr. Power, appears to have been missed by some writers on 
the subject, who seem to regard acceptance of aerial convec- 
tion as implying that at all times, when a hospital is 
receiving acute cases of small- pox, infection is being con- 
veyed aerially to all parts of the hospital neighbourhood. 
For these writers, acceptance of aerial convection would 
apparently require us to believe, contrary to experience, 
that a susceptible person merely passing a small-pox 
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hospital, in a vehicle or on foot, thereby incurs something 
worth calling a " risk " of contracting small-pox. In the 
same way, they appear to claim that aerial convection, if it 
occurs at all, must, during an epidemic, affect every house 
and every institution near the hospital. They are not 
content with a house-invasion rate of 5 per cent. ; they 
demand that it should be 100 per cent. Having made that 
demand, they usually point to the escape of the 95 per cent, 
as evidence that aerial convection has not been operative. 
And, in conclusion, they say that Mr. Power's theory " has 
been greatly exaggerated." The exaggeration is all their 
own. 

If, on the theory of aerial convection, the infectious ability 
of a hospital in regard to its neighbourhood occurs only 
from time to time, and in suitable meteorological conditions, 
we have still to ask, in order to complete our inquiry, 
whether such suitable conditions did obtain on occasions 
when aerial convection was operative round the hospitals 
of the period 1900-4. Unfortunately, this question cannot 
be answered with any certainty. The difficulties in ascer- 
taining. on the one hand, the facts regarding the date and 
hour of infection of a given case ; and, on the other hand, 
the meteorological conditions of that date and hour, are 
insuperable. All that can be done is, where possible, to fix 
upon certain days on which aerial convection appears to 
have been specially manifested, and then to ascertain the 
general weather conditions of those days, as recorded at 
the nearest observatory. Some facts are recorded which 
enable this to be done in the case of Belvedere Hospital in 
1900 and 1901, and in the case of the Hospital Ships at 
Long Beach in 1901-2. Examination in the above sense of 
the limited data available indicates, in both instances, that 
when aerial convection appears to have been infecting 
persons living near the hospital, £he general type of weather 
was consistent with periods of calm or light winds, some- 
times accompanied by fog. I have not met with any instance 
in which the days coming specially under suspicion were 
characterised, according to the records available, by per- 
sistent strong winds or by practically continuous rainfall. 

The question can also be approached in another way, by 
inquiring whether the direction of prevalent light winds 
accords with the position, as regards the hospital, of neigh- 
bourhoods which have been specially affected. In this 
connection I would note that in Long Reach light winds 
blowing from west-south-west to east-north-east, i.e., from 
the Hospital Ships towards Purfleet, are apparently fre- 



174 THE SPREAD OF SMALL-POX. 

queht. In the case of Sheriff Hill Hospital, also, it was 
noteworthy that Windy Nook and other parts of Felling 
which were specially affected by small-pox, lie in the path 
of south and south-west winds, blowing from the hospital ; 
and that winds from this quarter are here frequent, and are 
commonly light. 



In brief, the conclusion of this paper is, that the expe- 
rience of the recent epidemic period, 1900-4, has again 
afforded us a remarkable demonstration of "small-pox. 
hospital influence"— a demonstration wholly in accord with 
the experience of previous epidemics. For the consistent 
explanation of this " influence," we cannot, in our present 
knowledge, do without the thesis of aerial convection. 
On the contrary, the case for accepting this hypothesis 
has been strengthened. We have reached a position, in- 
deed, in which we cannot be content with any mere nega- 
tion of aerial convection, and cannot pass the matter by 
with the convenient phase, " Not proven." Epidemiology, 
as a science, requires us to continue to accept it, and to act 
upon it, as a satisfactory working hypothesis, until we can 
be shown some other and more probable explanation, 
which is applicable with equal consistency to the numerous 
and varied occasions on which hospital influence has been 
manifested during the past five-and-twenty years. 



Discussion on Db. Buchanan's Paper. 

Dr. C. B. Ker : I should like, in the first place, to say 
with how much admiration I have listened to Dr. Buchanan's 
Paper. I am bound to admit that I have listened to him 
to-night feeling much more predisposed in favour of aerial 
convection than hitherto. I own frankly that my views 
have always before been rather contrary to this hypothesis. 
But I do not wish to make too many criticisms : I thought 
it would be interesting to give you just the personal 
experience we have had in Edinburgh during the small 
outbreak we had last year. 

The Edinburgh Hospital is, I regret to say — and I say it 
with all due deference — deliberately situated in defiance of 
every recommendation of the Local Government Board. It 
marches with the ordinary Fever Hospital for Edinburgh — 
that is to say, the grounds of the two hospitals adjoin. 
This hospital, has a population, including staff and patients^ 
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of about 450 people. On the other side is one of the poor- 
houses for the city of Edinburgh, which has a population 
of about 1000 people; while to the back of the hospital is a 
hydropathic establishment, which is a place of large resort, 
and has a population of about 200 people. Now, all these 
places have their boundaries practically adjoining. The 
distance from pavilion to pavilion of the Small-pox Hospital 
and the Fever Hospital is a matter of 72 yards ; the nearest 
point of the actual buildings of the poorhouse to the nearest 
pavilion of the Small-pox Hospital is about 325 yards. 
The paupers in the poorhouse, many of whom are employed 
in agricultural work, work right up to the boundary of. the 
Small-pox -Hospital, which is quite close to the Small-pox 
pavilions. During the time of the outbreak a large number 
ef these paupers were engaged close up to the hospital 
boundary, and a large number of general patients in the 
Fever Hospital were jequally close on the other side. 

In. addition to this, if you take a larger area, you come 
to some other institutions. There is the Craig House 
Asylum, with 325 people. Within the mile area, and in the 
direction to which the prevailing wind blows, there is a 
population of 3000 people. In the other direction there 
are two villages, one with a population of 520 people, and 
the other with a population of 730. 

The interesting point is that, with the exception of the 
poorhouse, there were no cases in this area. Dr. Harvey 
Littlejohn investigated three cases in the poorhouse, and he . 
assures me that these were quite satisfactorily explained, 
two of them coming from infected lodging-houses. The 
other poorhouse, moreover, four miles away, had the same 
number of cases. With the exception of those cases, there 
was only one case within a mile of the hospital. The 
hospital was open for some time, but it had not a 
very large population. The average number of small-pox 
patients for a period of two months was about fifty-live. 
But Dr. Buchanan has pointed out that, with an average 
no larger than that, the influence was felt around Belvedere. 
Agaiii, I gather that there were only sixty patients in 
Priory Road Hospital, in Liverpool, when the influence 
began to be felt. . Therefore, I assume that we must allow 
that fifty patients can be dangerous ; and if that is the case, 
it is an interesting fact that we had this population of 
fifty-five for two months consecutively (and it* you take 
the three months, the average was forty-seven patients), 
and yet there was no case of small-pox within a mile, even 
with this considerable population. 
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A Member : What about vaocination ? 

Of course, the Fever Hospital staff is adequately vacci- 
nated, and most of the patients, being children, recently 
vaccinated. But the pavilion that stands within 72 yards 
of the small-pox pavilion is the erysipelas pavilion, which 
contains nothing but adults; there are no children in it. 
It also contains a class of patients of the lowest type, and 
the least likely to be re-vaccinated. I don't think anyone 
would say that you could safely vaccinate an erysipelas 
patient. Not a single precaution was taken during these 
three months, and the erysipelas wards were full all the 
time. 

The next nearest were the typhoid wards ; we took no 
special precautions, except as regards the staff. In the 
same way, there were no special precautions taken in the 
poorhouse, except in the case of the persons who had been 
in contact with the cases that occurred. 

The population towards Edinburgh in the direction of 
the prevailing winds is about 3000 people, and embraces a 
pretty good residential district. Of course, we pride our- 
selves on being better vaccinated than most large English 
towns, but that is a sufficient population to contain many 
people not sufficiently re-vaccinated. I say that is an 
interesting negative case. The question naturally arises : 
Is there any reason at all why this should be ? Is there any 
difference in the way, for instance, in which the Edinburgh 
Hospital is managed, or anything to account for this in any 
way? The only thing that I do differently from other 
people is this : we have one rule with regard to the nursing 
staff which we keep absolutely rigidly. The nurses in 
the Small-pox Hospital are not allowed to go beyond the 
hospital grounds, in any circumstances whatever. Every 
nurse in the hospital volunteers for small-pox service, and 
she remains for a period of six weeks. She knows when 
she goes to the Small-pox Hospital that she will not be 
allowed to leave it until the six weeks are up, unless she 
breaks down. Only the best nurses are allowed to go — the 
most capable and trustworthy — and it is considered an 
honour to be allowed to go. No one goes in and out of 
that hospital except the medical officer. I am the only 
person who enters and leaves the hospital, except the 
ambulance attendants. This probably does not amount to 
very much, but that is the only thing in which we differ 
from the majority of other small-pox hospitals. That is 
the advantage of having your small-pox hospital near to 
your ordinary fever hospital ; you can select your nurses in 
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this way. We do not get together a haphazard staflf for an 
epidemic, as is often done ; it is a privilege which only the 
best nurses are allowed to partake of. Of course, there is 
always a chance of leakage. I do not think in other ways 
we manage better than other people ; but we put nurses 
whom we know are, at any rate, particularly conscientious 
and suitable people to put there. In that way, we have 
perhaps a better chance of preventing leakage. Of course, 
one has seen dreadful things in different hospitals. In the 
old hospital it was, on one occasion, necessary to have a 
cordon of police to prevent people shaking hands over the 
walls. In our present hospital they cannot possibly do 
that. We have more control than we used to have. 

Just outside the mile limit there were about three or 
four persons infected, and in three out of the four cases 
there was what I might call satisfactory exposure ; in the 
fourth case we could not trace it in the least. I do not 
know how it came, but in any case that house was just 
over a mile away ; it was a very difficult case to explain. 
If the infection was aerial, it had passed harmlessly over 
the heads of 4000 persons to reach the infected house. 

The only other point that I will trouble you with — or, 
perhaps, I should say the only deduction I should like to 
draw — is: Are not the regulations of the Local Govern- 
ment Board a little vexatious? I think they actually 
mention poorhouses and fever hospitals, but here we are 
actually wedged in in a strategical position between these 
three public institutions ; and yet, as far as we can make 
out, with an average of fifty patients in our hospital, there 
has been no spread in its neighbourhood. I am prepared 
to admit that if we ran up to a couple of hundred, as at the 
hospital ships, it might be different. But why should we 
prepare for a large epidemic ? If you isolate rapidly, and 
vaccinate fully, surely fifty is enough to start. Why should 
unfortunate municipalities have small-pox hospitals at the 
end of the world, where they cannot be properly super- 
vised ? You cannot get supervison with a temporary staff, 
and temporary doctors, and everything else temporary. 
You can for 150 patients, because you have then to get a 
big staff; but I am thinking of the chance of leakage in a 
small hospital of ten, or fifteen, or twenty cases, put right 
out into the country. It seems to me that it is much 
better to have them under the eye of some competent 
person nearer to the town. 

I have brought a map with me, because I thought it 
might interest some members of the Society, as showing 

N. S. — VOL. XXIV. N 
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the locality in which the hospital is situated. Ifc is an 
ordnance map of the city of Edinburgh, on which the old 
and the new hospital are both shown. I was formerly in 
charge of these buildins;s of the old hospital, which was in 
the centre of the city of Edinburgh. 

We used to be abused for causing small-pox in this 
neighbourhood where our old hospital stood ; but note that 
the cases are in the same neighbourhood now, and that 
they decrease in numbers the further we go from this 
hospital, empty though it was. There were no special 
antiseptic precautions taken. I do not think we took any 
special measures in that way. The dust is destroyed, but, 
of course, a great deal must escape. 

In conclusion, I do not in any way wish to deny the 
possibility of air-borne infection. My contention is that, 
for practical purposes, it may be neglected. It is not the 
best way to secure efficient administration of small-pox 
hospitals to allow those in charge of them to plead aerial 
convection, if the hospital influence, is at all felt. The 
acceptance of the theory is bound to weaken the sense of 
responsibility in even the most conscientious of us. 

Dr. Newsholme : I am sure that, in the first place, we 
shall agrree in heartily expressing our appreciation of 
Dr. Buchanan's Paper : which shows that he has, to a very 
considerable extent, inherited the happiness of phrase and 
lucidity of expi*ession which always distinguished the 
writings of the late Sir George Buchanan. 

My own position in the matter of distal aerial convection 
of small-pox is that of an agnostic. I have no prejudice 
against it ; I do not, however, regard it as proved. I wait 
for confirmatory evidence, and I incline to think that such 
evidence of a satisfactory character will not be forthcoming. 
I believe in the occasional operation of " hospital influence." 
I agree that there have been instances in which there has 
been excessive incidence of small-pox around' small-pox 
hospitals ; but I believe that when this has occurred, and is 
not due to the accidental sweep of the epidemic, it is most 
likely to have been caused, not by distal convection, but by 
the same cause as has produced epidemics of small-pox 
remote from such hospitals, viz., personal contact. 

My beliefs are open to cori'ection by evidence ; but we 
are asked by Dr. Buchanan not merely to modify the 
strength of our beliefs, but to admit that 

*' We have reached a position, indeed, in which we cannot be content with 
any mere negation of aerial convection, and cannot pass the matter by with 
the convenient phrase ' not proven.' " 
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To such an admission a stricter examination of the 
evidence is necessary than would be required for deter- 
mining a question of mere increase or decrease of pro- 
bability ; and the matter is further complicated by the 
association of Mr. Power's name with this hypothesis of 
aerial convection. Had Mr. Power time to attend these 
meetings, he would be made to realise the depth of respect 
in which his work, as well as he himself, is held. It is 
extremely difficult to disagree with a hypothesis which has 
received his endorsement, and, at least in its scientific form, 
is his own creation. That an infected house is a potential 
source of infection, that a hospital is a house predestined 
to infection, must be admitted as facts justifying all 
practicable means for separating the hospital from the 
town, even though we may recognise that a hospital should 
have means of controlling its inf ectivity which a private 
house cannot enjoy. The question would therefore be 
scarcely more than academic, were it not for the facts that 
precautions such as would be necessary on a hypothesis of 
distal aerial convection may cost a price which, if the 
hypothesis were incorrect, and hospital infectivity were 
controllable by improved administration, might be spent 
to better advantage to the public health, which constantly 
calls for more sacrifices than an ordinary community is able 
or willing to make. 

I think we shall take a clearer view of the relative 
probabilities of distal and proximal convection, if we look 
at the history of the theory of aerial convection as an 
explanation of the spread of disease. I need not do more 
than refer to the miasmatic theories formerly held with 
regard to cholera and malaria. The theory of aerial con- 
vection was held even with regard to syphilis ; and so late 
as 1881 a similar hypothesis was put forward by the late 
Dr. Airy for diphtheria ; and he suggested that this disease 
could travel aerially three, six, twelve, eighteen, and even 
possibly thirty miles, and brought forward a number of 
instances in which coincidences were more numerous than 
doubtful cases. Dr. Airy*s summing-up is very interesting. 
While admitting that his arguments and instances do not 
suffice to establish the theory of aerial spread of diphtheria, 
he adds : — 

** I think they are sufficient, in conjunction with earlier observations, to 
give the theory a ri((ht to be disproved, and pending disproof, to be pro- 
visionally accepted."* 

* Trans, Internat. Med. Congress, London, 1881 ; Dis. of Children, 
p. 69. 

n2 
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I place this transference of the burden of confirmation 
or disproof ot* an important induction to those who oppose 
his views, in conjunction with a similar remark by Dr. 
Buchanan.* He says : — 

" I am struck by the absence of evidence that the problem has been carefully 
studied, in instances oomparable to those I have mentioned, with the result 
that no graduated incidence has been observed." 

While Dr. Airy's hypothesis has never been subjected to 
the process of disproof which he challenged, it may be 
taken as common ground that it has not received the 
acceptance of epidemiologists ; and I think that both 
writers have underestimated the order of probability which 
should be established in favour of a hypothesis, before a 
burden of disproof can be held to rest on those who are 
unable to accept it. In the case of a distal aerial con- 
vection, of which the operation is conditioned as described 
by those who accept it for small-pox, there is a special 
objection to the demand for disproof. Taking the hypo- 
thesis as stated by Mr. Power and those who have followed 
him, it requires for its operation the simultaneous presence 
of many conditions, some of which are even now im- 
perfectly specified and inadequately recorded ; and as a 
matter of historical fact in the criticism of this hypothesis, 
any attempt to lay stress on epidemics of which the figures 
have not conformed to its requirements has been met by 
the reply that some essential condition must have been 
absent. 

Distal aerial convection has, in point of fact, been a 
favourite preliminary hypothesis in the eetiological dis- 
cussion of many diseases ; but with extension of our know- 
ledge it has been discarded successively in regard to ague, 
cholera, diphtheria, and influenza. The instance of in- 
fluenza is the more striking, because the hypothesis of 
aerial convection had held the field for several centuries, 
until the investigations of Dr. Franklin Parsons disproved 
it. Distal aerial convection to-day remains as the occasional 
explanation of the spread of one disease only — small-pox. 

It is common ground that personal infection is the most 
important and most frequent means of spreading small-pox. 
The balance of probability compels us to believe that in the 
instances in which personal infection cannot be traced, it 
does nevertheless operate ; unless we find, after the most 
rigid investigation, that there is proof to the contrary. If 
circles and zones showed graduated incidence of small-pox 

* Journal Roy. San. Instit., vol. xxvi, No. 4, May 1905, p. 205. 
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in the population around a sniall-pox hospital, and if the 
hospital could be shown to be strictly self-contained, with- 
out traflSc in or out, the case for aerial convection would be 
demonstrated, assuming that the circum-hospital infection 
were shown not to have occurred from other external 
sources. Unless there are strong practical reasons to the 
contrary, we are bound in the absence of proof to accept 
the conclusion to which the greater weight of probability 
attaches. In a completely self-contained hospital circum- 
stanced like the Small-pox hospital at Edinburgh, as de- 
scribed by Ur. Ker, we should under the circumstances 
named above have no hesitation in accepting aerial con- 
vection as the method of spread, if spread occurred. But 
* it did not occur ; and at other hospitals from which spread 
apparently has occurred we have the choice between three 
suppositions : — (1) Aerial infection ; (2) personal infection 
by means of patients or the staff* of the hospital and the 
traffic to and from it ; and (3) personal infection from 
others, absolutely independent of the hospital, and in the 
normal course of an increasing epidemic. I propose to 
confine my further remarks to the additional evidence 
which Dr. Buchanan has adduced from the experience of 
recent years. 

As to the second means of spread, we know that its 
operation can seldom be excluded without difficulty, even 
in the best-administered hospitals. Dr. Buchanan commits 
himself to the statement that no surreptitious visits were 
made at Purfleet from the hospital ships, and he claims to 
speak with the authority of most careful local inquiry. I 
do not think that this opinion of Dr. Buchanan's, formed as 
it was on the basis of an inquiry made some time after the 
event, can prevail against the considerable body of in- 
dependent evidence, including that of Dr. Thresh's report, 
that such visits occurred : and it must be remembered that 

4 

those who broke the regulations in this manner would not 
be likely to have given to an inquirer information which 
would convict themselves. In a large hospital it is very 
difficult to prevent such offences. But even if the isolation 
of the ships at Purfleet had been complete, it must be 
remembered that the epidemic was in vigorous progress at 
Erith and other places having traffic with Purfleet before 
it declared itself in the Orsett Union ; and it not only 
would be exceedingly difficult to show that the Purfleet 
infection was not originally imported by personal infection 
from surrounding districts, but no serious attempt appears 
to have been made to do so. As an explanation of the 
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Purfleet (Orsett Union) outbreak, which consisted from 
first to last of only 52 cases, the amount of infected traffic, 
whether from the ships or from other districts, need only 
have been small. Probably a dozen primary cases would 
have sufficed ; and it seems to me impossible to say that 
the presence of infection imported to that small extent is 
excluded by any of the facts published as to this epidemic. 
The effect of such importation would have been the more 
powerful if some of the earlier cases had been — as were the 
first case at Grays and others at Erith — " missed " cases. 
The Purfleet experience is, in fact, an example of the 
manner in which an explanation of the facts is possible 
without recourse to the hypothesis of aerial convection : 
and it seems to me to illustrate fairly the view that, in the 
absence of an exact history of each individual case of 
small-pox, such as can rarely be secured by an investigation 
late in the outbreak or after its close, the question is one 
of choice between two conjectural methods of convection : 
of which one is known to be potent in the diffusion of 
small-pox, and solely responsible for the diffusion of many 
other diseases ; while the other has been displaced even as 
a working hypothesis from the aetiology of all diseases 
except small-pox, and is supported largely in respect of 
that disease by the allegation — in the case of Purfleet seen 
to be ill-founded — that no other explanation will cover all 
the facts. 

In one respect the case of Purfleet lacks one element of 
the reasoning by which the hypothesis of distal convection 
is supported. It is alleged that hospitals which are 
surrounded by inhabited houses exhibit their infectivity by 
determining an excess of cases as compared with other 
parts of the infected district, and that this excess shows a 
characteristic graduation in the number of cases within 
distances varying from J mile to 1 mile from the centre. 
Purfleet has no such complete inhabited environment ; but 
in other recent cases, of which Liverpool is the most con- 
spicuous, it is suggested that this characteristic graduation 
of an excess of cases is shown as clearly as can reasonably 
be expected in a phenomenon in the production of which 
there are admittedly other contributory factors. In some 
of the cases on which stress is laid, I do not think that, 
even after making allowance for the interference of other 
factors, the correspondence is close enough to justify the 
description of the graduation as characteristic. It should 
be added that, even if such a graduation were closely made 
out, it would give no help in determining whether the 
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infection was conveyed aerially or by personal traffic. A 
group of infective particles despatched from a centre would 
fall with similar distribution, whether they were shed by a 
man walking along streets and calling at houses, or by a 
man in a balloon, or by a current of air passing over the 
same path ; and the density of infection on any area would 
in each case vary directly with the distance from the centre 
of infection, and inversely with the superficial area and 
with the number of houses. It would, therefore, be necessary 
to eliminate the effects of hospital traffic as a contributory 
cause before any excess-incidence in the circum-hospital 
area could show the operation of distal convection. This 
elimination is the more diflScult because, although the pre- 
cautions in some cases may leave it possible for distal con- 
vection to occur, they may, on the other hand, be carried 
far enough (as apparently in the case of Manchester) to 
oppose a notable hindrance to the diffusion of infection 
from the hospital by any means of convection. The 
question, therefore, to which an answer can be sought with 
most probability of success is whether, in fact, any such 
excess has been shown ; and it must be remembered that if 
such an excess is shown, it still remains possible that it is 
due to hospital traffic, and capable of being controlled by 
improved administrative precautions. I do not propose to 
examine all the figures quoted by Dr. Buchanan, because 
the consideration of those of Liverpool, on which he 
perhaps lays most stress, will indicate the difficulty which 
I find in accepting such statistics as warranting the in- 
ference that hospitals determine an excess of small-pox in 
their neighbourhood. Dr. Reece's report on small-pox in 
Liverpool presents twenty-three spot maps, showing a 
density of infection round the hospitals which is un- 
doubtedly high as compared with that of Liverpool as 
a whole. Such maps are obviously not an accurate 
measure of relative infectivity, because the density of 
infection in an element of a district depends on the 
number of houses as well as on the superficial area. Taking 
these spot maps, however, as being intended to give a rough- 
and-ready clue to the distribution of the disease, it is 
necessary, in the first instance, in order to determine 
whether there is an excess incidence of cases in the circum- 
hospital area, to ascertain whether similar densities can be 
observed in other areas of those dimensions. Both results 
would, for accuracy, need to be corrected for density of 
habitations ; but the use of spot maps assumes that the 
absence of such corrections does not prevent the drawing 
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of valid and useful inferences from the density per unit of 
superficial area. I think, myself, that they may properly be 
used in this way for preliminary inferences, subject to a 
reservation to which I shall refer later ; and I have in like 
manner made a study of Dr. Recce's maps, with the object 
of seeing whether the circum-hospital density, as shown on 
the maps, was, in fact, beyond what existed elsewhere. I 
found that the infection-densities in the mile radius in 
regard to each of the two large small-pox hospitals were 
notably less than those within circles drawn from centres 
over a mile distant from each hospital ; and I append the 
figures which are thus disclosed, compared with the circum- 
hospital figures. 
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1. In circles and zones from the 

hospital as a centre ... 

2. Ditto, from a point over a mile 

N.N.W. of the hospital 


9 
47 


75 
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64 
132 


88 
190 


236 
493 



(Dr. Hope informs me that when circles are drawn 
around the empty Netherfield-road Hospital, circles and 
zones showing graduated incidence are obtained.)* 

It appears, therefore, that in Liverpool the area on 
which, as shown by the test furnished by spot maps^ the 
maximum density of infection — or, at least, a density 
enormously larger than round either of the hospitals — 
occurred centred round points which were over a mile away 
from any small-pox hospital. 

At first sight this result is surprising when we consider 
the enormous differences in density of infection shown in 
Dr. Recce's table, comparing the circum-hospital areas with 
the rest of Liverpool. This discrepancy arises from the 
fact that the density of infection over the whole of Liver- 
pool, excluding the hospital areas, cannot legitimately, in 
my opinion, be compared with the density of infection over 

* It is perhaps scarcely necessary to repeat that the figures in the above 
Table, for which corrections for house-density cannot be made, are only used 
like spot- maps as a preliminary test. 
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any of the special areas ; because, as a matter of fact, and 
as the spot maps clearly show, the infection did not at any 
time attack more than a relatively small part of Liverpool. 
The comparison instituted in Dr. Reece's figures is thus 
between districts which admittedly were at substantial 
risk from the infection, and districts which were at little or 
no risk. For the densities of infection of different areas to 
be comparable, it is obvious that whatever may be the 
intensity of the infection at work in each area, as measured 
by its absolute density in that area, the infection must in 
each case be so distributed that the maximum deviation of 
density in any element of one area from the mean 
density over the whole area is the same as the correspond- 
ing maximum deviation in the other area. A reference to 
Dr. Reece*s spot maps will show that this test, or any test 
which does not propose to include districts which were free 
from infection in the areas chosen for comparison with the 
hospital areas, will exclude so much of Liverpool from the 
area with which comparison can properly be made as to 
deprive the figures relating to the " rest of Liverpool " of 
any sort of significance in the comparison. 

I may point out in passing a somewhat similar — though 
less wholesale — source of error. This occurs when the 
density of infection in a small area iijto which a highly- 
infectious contagium is introduced is compared with that 
in a larger area. In Purfleet, for instance, the introduction 
of a few cases, particularly if " missed," would naturally 
cause a suflicient number of secondary cases to make a 
formidable density of infection when calculated on the 
minute population of the village ; in the same way as one 
or two " missed " cases in a common lodging-house in a 
large town may determine an outbreak of as many dozen 
cases, which, it* reckoned on the population of the im- 
mediate environment, would give a wholly misleading 
picture of the morbidity of the entire town, or even of one 
of its wards. 

I am bound, therefore, to submit to you as the result of 
the considerations which I have outlined, that the positive 
evidence derived from recent experience in support of the 
hypothesis of distal convection adds little, if anything, to 
the strength of the case so brilliantly advanced by 
Mr. Power. And when account is taken of the increased 
facilities given by compulsory notification, as well as by 
the mere weight of years, this result can scarcely be inter- 
preted otherwise than as a distinct weakening of the 
probability that the hypothesis is true. 

I am not prepared to urge that a method of convection 
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which, it is suggested, requires special adjuvant circum- 
stances should appear in every epidemic ; but the high 
proportion of epidemics which have failed to show evidence 
of aerial convection is a fact of unquestionable significance. 
When one recollects the considerable periods over which 
small -pox epidemics commonly last, and the great variety 
of meteorological and other conditions which occur during 
this period, the number of negative cases seems wholly dis- 
proportionate to what would be expected were the hypo- 
thesis correct. My difficulty is in nowise diminished by 
Dr. Buchanan's observations on this point. 

No valid comparison can be made between the failure 
of a high percentage of small-pox epidemics to disclose 
evidence of aerial convection, and the fact that in a scarlet- 
fever epidemic due to milk or some other single infection, 
perhaps only 10 out of every 100 persons are infected. 
The 90 persons in the single epidemic escape by chance, or 
through insusceptibility, or for some other reason ; and as 
these circumstances will probably appear in different com- 
binations in different individuals, the infection attacks a 
widely heterogeneous body, and will naturally give widely 
varying results. In a group of 100 epidemics, on the other 
hand, we have by hypothesis 100 suitable populations, of 
which the susceptibility and fitness for the disease are 
shown by the occurrence of the epidemic. The units are 
not individuals but populations, and in the absence of 
overwhelming evidence to the contrary, they must be 
regarded as — ^and almost certainly are — homogeneous. The 
variations which occur in this case cannot, therefore, be 
explained by assuming individual variation among these 
units. They can only be explained, consistently with the 
hypothesis of aerial convection, by assuming that in the 
percentage of failures the necessary combination of meteoro- 
logical conditions has been absent throughout all those 
epidemics which have failed to conform to the hypothesis. 
Whether this assumption is justified or not is a matter on 
which no great experience of the British climate is required 
for forming an opinion ; but it is a totally different assump- 
tion to that on which an infection would be expected to 
attack all or none of the individuals of a community ; and 
I think that the evidence in favour of the latter needs con- 
siderable amplification before the assumption can safely be 
made. 

Dr. Niven : I shall endeavour to go very straight to the 
point in what I say. The influence of small-pox hospitals 
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in producing an increase of small-pox around the hospital 
appears to me beyond the need of proof ; and I believe 
that the small-pox hospital placed in the midst of dwellings 
does, in the absence of special precautions such as I shall 
briefly mention, cause an increase of small-pox in its 
neighbourhood. It is no answer to take a centre, perhaps 
in some area of diffusion, place your circles around that, 
and so obtain artificially-graded figures; that is mere 
juggling — it really will not in any way meet the question. 
In 1893, however, as it happens, I did apply a test, 
which may be considered a fairly just one, to a diffusion of 
small-pox which occurred around the Westhulme Hospital, 
Oldham. I took — not an accidental centre such as I have 
just referred to, but a common lodging-house in the centre 
of the town, and drew quarter-mile circles round this 
common lodging-house. I also took the small-pox hospital 
as the centre of another set of quarter-mile circles. The 
percentage of houses invaded by small-pox in an untraced 
case during 1892 and up to March, 1903, was : — 

WithiD \ mile of the hospital ... ... 4.7 

„ i to i mile „ ... ... 1.5 

„ i to I mile „ ... ... 0.45 

„ I to 1 mile „ . ... ... 0.42 

Round the common lodging-houses, the percentage of 
houses invaded by untraced cases for the same period 
was : — 

Within J mile of the lodgiug-house ... ... .42 

„ i to J mile „ ... ... .43 

„ i ^ 4 Toaile „ ... ... .53 

And from ^ to 1 mile „ ... ... .22 

The same relation in the incidences round the hospital 
and round this centre held in the previous outburst of 
1888. 

' I consider that to be a fair comparison, and it is obvious 
that, taking the part of the town which would be most 
likely to be affected by small-pox, you get no such 
graduated increase on approaching this point as you get 
around the hospital. 

I suppose no one would seriously dispute that small-pox 
hospitals do cause small-pox around them. I think it is 
necessary to have some experience of the working of small- 
pox hospitals in order to form a just judgment on that 
question. I should like very briefly to state precisely what 
happened in Oldham in 1893, there being then a number of 
acute eases in the hospital. There were two bursts of 
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untraced cases which occurred, one about January 9th, 
10th, and 11th, and the other from January 29th to 
February 8th. The first burst comprised six cases, and 
the second burst 21 cases. A fortnight before the first 
occasion the wind was variable, but embraced the district 
affected by the cases; on the second occasion, however, 
it blew steadily for some days, a fortnight before the 
outburst, towards the quarter of the town which was 
particularly affected. All these cases were carefully in- 
vestigated, and could not be traced to previous cases. Now, 
I should just like to say a word or two on this subject. In 
speaking of the diflferent causes to which the cases in the 
neighbourhood of the hospital may be traced, it has been 
justly said by Dr. Newsholme that the influence of the 
hospital, in so far as carelessness of the stafl^ was concerned, 
would produce precisely the same effect on the graduation 
of incidence around the hospital as a diffusion of small>pox 
infection through the air. That is quite true if the move- 
ments of the staff' are capable of producing the effect : I do 
not believe that they are. We find numerous contacts 
from cases of small-pox going to work, and no infection 
appears to result. It is incredible that the staff of the 
hospital should produce effects which are not produced by 
contacts from private houses. These contacts with private 
cases are subjected to precisely the same kind of infection 
as the members of the staff; their garments are probably 
more infected than those of the latter, especially as the 
staff' are obliged to change their clothes before leaving the 
hospital. Nevertheless, it is rare that you get any cases 
following the visits of these contacts to works. Although 
we cannot absolutely exclude contacts as a cause of small- 
pox, it is so small that it may be disregarded in this con- 
nection, and I do not think we can seriously think of that 
as a possible cause of small-pox outbursts around the 
hospitals. I should like to press this point a little further. 
Had small-pox been carried by the staff to cases outside, it 
is not to be believed that the sanitary inspectors would 
have failed to produce evidence of contact between members 
of the staff and at least one case. Tet no such evidence is 
forthcoming. 

Now Dr. Newsholme says that you cannot get an 
absolute demonstration of aerial diffusion from a small-pox 
hospital ; but I think that what I am about to show you 
cones as near to being an absolute demonstration as it is 
possible to get in matters of this description. 

I have here a series of maps showing, as from the 



THE SPREAD OF SMALL-POX. 1 89 

1st of January, 1894, the incidence of small-pox in 
Manchester week by week, from which it is seen that there 
were three cases — ^perhaps none, perhaps one, two, three, 
and so on — down to April, and then they begin to get a 
little more frequent ; very few of them indeed, however, 
occurring in the district where the hospital was situated. 
Some of them undoubtedly did ; and I do not see how you 
are to exclude these as not having been caused by the 
hospital. I will read a few particulars, and then show the 
maps. 
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And then this happened. (In the week ending June 2nd, 
there were 39 cases, 19 of which were scattered round the 
hospital.) Here is the Small-pox Hospital (indicated on 
map), and here are the various fever pavilions. The fever 
hospital is separated from the adjoining district of Har- 
purhey by a brook, which was practically never crossed, 
over the greater part of its course. There is but little 
commerce in this direction. The wind on the 11th, 12th, 
13th, and 14th May was variable, and probably boxed the 
compass. (The direction and force are taken only at 
9 o'clock in the morning.) On the other hand, it was 
blowing on some days under investigation in this direction, 
and this, and this. You will perceive that, coincident with 
these outbursts all round the hospital, you have these five 
cases occurring in four wards, widely separated, three in 
the scarlet fever wards, and one in the enteric ward. Now, 
the two sides of the hospital — the fever and small-pox — 
were kept absolutely separate, except for the visits of the 
medical superintendent and matron, who went first into 
the fever wards. No small-pox had occurred in 1894 in 
the fever wards previous to these outbursts, so far as I can 
ascertain ; and here you have all these cases occurring at 
one time, and coincident with the outbursts around the 
hospital outside, part of which external outburst lies ex- 
ternal to, but on lines connectiug, the small -pox hospital 
and the fever wards. The five internal cases occurred, two 
on the 26th, two on the 28th, and one on the 30th May. 
In the district round the hospital there occurred on three 
days. May 26th, 27th, and 28th, fifteen fresh cases of small' 
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pox, only one of which could be traced to a previous case.^ 
Of these fifteen persons, six were housewives, three others 
were women at home, one aged seventy-three, one a dress- 
maker, and the third a newsagent. Only five of the 
fifteen were males. The houses in which they occurred 
were, many of them, quite out of the beaten track, and 
away from the approaches to the hospital. The staff of 
the hospital would generally come down the Oldham Road 
(in this direction). They might cross the fields, and pass 
down (in this other direction), but there is no reason to 
suppose that any of them had small-pox; and it is altogether 
out of my experience that persons not suffering from small- 
pox should cause any appreciable amount of siiiall-pox. 

Now, you have to afford an explanation of all this, and I 
say that absolutely no explanation can be given unless you 
accept aerial diffusion, which is as near as possible to an 
exact explanation as you can have. 

A Member : How near were those wards to one another ? 

Dr. Niven : I am afraid I cannot tell exivctly, but I can 
give you a map. 

A Member : Can you tell us within a quarter of a mile ? 

Dr. Niven : Oh, they were quite close; the grounds 
being simply separated by a hoarding. The distance of the 
invaded wards from the small-pox hospital would be about 
500 ft. If you consider that you have two such coincident 
occurrences, you have to find some cause for these cases 
outside which will also explain the simultaneous cases 
inside, and I submit that absolutely nothing will account 
for such an occurence as this except the carriage of small- 
pox in the air. Of course, if you could explain these cases 
by direct infection, it would be another matter, though, 
even then, the double occurrence outside and inside the 
hospital walls would cast doubt on any history of direct 
personal infection cases. As I have said already, I think 
that the occurrence at Monsall Hospital in 1894 is as near 
a positive demonstration as it is ever possible to get on 
such a matter. Personally, I should regard my experience 
as conclusive for practical purposes. 

I came to the same conclusion with regard to the out- 
burst of small-pox round the small-pox hospital at Oldham, 
which occured in 1893. I had had previous experience of 
diffusion in 1888; when Westhulme Hospital was accused 
of radiating smalLpox, and in my capacity of Medical 
Officer of Health I repudiated that view. I went to every 
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house in which small-pox had occurred, and I certainly 
picked a good many holes in the statement which had been 
put forward, so much so that the Local Government Board 
considered the charge **not proven." But although that 
was so, there remained a doubt upon my mind whether, 
taking all the facts into consideration, these cases might 
not after all have been due to the hospital. Then, when 
we got such a sweep of small-pox as that occurring in 
Oldham in 1893, which we could not trace to previous 
infection, or find any explanation of, I felt that I must 
give up the battle. We, therefore, moved all the recent 
and fresh cases out into the country, still retaining West- 
hulme for convalescents. The result was that there was 
practically no small-pox around Westhulme Hospital in 
1894. The same thing happened in Manchester in 1894. 
We moved all the acute cases from Monsall, still using 
Monsall for convalescents. The cases then ceased to occur 
in the district of Newton Heath, in which Monsall Hospital 
is situated. 

I had previously been persuaded — perhaps too easily — that 
patients could not conveniently be oiled : that it made them 
sick, and that the other inconveniences were very serious. 
But I considered that, as we had to treat the acute cases at 
Clayton, we ought not to run any risk of having small-pox 
diffused ; and from the beginning of treatment of acute cases 
there, in 1894, we had all the patients in the acute stage 
oiled daily. For the last two or three years they have 
been oiled twice daily. I have recently been making 
inquiries as to this practice, and I think perhaps I may 
have laid too much stress upon the difficulties. I am told 
that the patients who are not too seriously ill oil them- 
selves, and that they like it ; in fact, they find the irrita- 
tion of the skin reduced by the 2 J per cent, carbolic oil. 
Of course, oiling of the very bad cases is rather unpleasant 
for the nurses. I have no doubt that the disease has been 
prevented from spreading to the houses in the vicinity by 
this means, and I have also no doubt that the same mode 
of treatment would again suffice to prevent the diffusion of 
small-pox. It is, at all events, a refuge for people in 
difficulties, wlio cannot get a hospital sufficiently removed 
from centres of population. 

Dr. Hope : Unfortunately, I was not able to be present 
when Dr. Buchanan s Paper was read, but he has been 
good enough to send me a copy, and I have given it very 
careful study. 
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I should like to say that nobody doubts the ability of 
small-pox hospitals in this country to cause the spread of 
small-pox in their vicinity — there is no question about 
that, I take it. The question at issue is whether the 
presence of small-pox in the vicinity of hospitals is to be 
ascribed to aerial convection, or whether it is due to contact 
with infected persons or things either from the hospital or 
from other infected sources: whether, in fact, its presence in 
the vicinity of the hospital is not due to precisely the same 
causes that give rise to it in parts remote from the hospital. 

At the outset of his Paper, Dr. Buchanan mentions the 
part played by acute cases of small-pox. Now it is to 
acute cases of small-pox that the mischief is ascribed, and I 
should like Dr. Buchanan to give us a definition of an 
"acute case." All small-pox at the outset is acute, as 
everybody knows ; but when modified by vaccination the 
acute symptoms pass away soon, and the patient becomes 
convalescent. The risk of infection in these cases is incon- 
siderable, unless the patient is in close and intimate contact 
with susceptible persons ; in such ways, for example, . as 
living in the same house, sleeping in the same bed, travelling 
in the same carriage, or working in the same room. 

On the other hand, in unmoditied cases of small-pox, long 
after the acute stages have passed by, the patient in 
hospital is eminently infectious ; indeed, the ancient Chinese 
method of inoculation was by means of powdered scales or 
scabs from an infected person. So, when patients are trans- 
ferred from one hospital to another, they may be in an 
infectious condition or they may not. The term " acute 
cases" is, therefore, an unfortunate one, and conveys very 
little meaning. 

One point in Dr. Buchanan's Paper — a feature also which 
is conspicuously noticeable in all his Reports — is the eminent 
fairness with which he gave consideration, not only to the 
facts which tend to support his views, but those which 
appear to have an opposite tendency. There is, in fact, in 
his oflBcial Reports not less recognition and prominence 
given to the causes of spread of small-pox other than aerial 
convection, than to those circumstances to which the 
explanation of aerial convection alone appears to him to be 
applicable. In this respect he has followed the essentials 
of scientific investigation, as well as the methods to which 
the Local Government Board Reports owe so much of their 
value. 

The conclusions to which Dr. Buchanan's experience and 
investigations have led him are, in one important respect 
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similar to those of Mr. Power, viz., the importance of the 
peculiar atmospheric conditions which are likely to be con- 
ducive to the distribution aerially of infective matter, and 
to the fact that these conditions are not uniform nor always 
active ; but that they may, from time to time, so combine as 
to render the transference of particulate infective material 
as easy as the transference of dust. 

With the other outbreaks to which the writer of the 
Paper refers, viz., those at Orsett, Glasgow, and Manchester, 
I do not propose to deal, as the short time at my disposal 
will be fully occupied with the outbreak at Liverpool, and 
to the Report of Dr. Reece upon it, which is so largely 
drawn from in Dr. Buchanan's Paper. That Report, upon 
the face of it, would almost convince any person unfamiliar 
with the subject, that the Liverpool hospitals had proved a 
grave source of public danger. 

In commenting upon Dr. Recce's Report, I, of course, 
confine ray remarks to those aspects of it to which the 
writer of the Paper has alluded. There are other features 
in that Report which, in due course, and in the proper 
place, will be dealt with. 

One of the most remarkable features in connection with 
Dr. Recce's Report is, that from start to finish there is no 
reference whatever to any single one of the considerations 
upon which the Reports of Mr. Power and others, and of Dr. 
Buchanan himself, laid so much emphasis. There is no 
suggestion of any other possible cause of the spread of 
small-pox except aerial convection ; and this he assumes to 
take place without any of the meteorological conditions 
upon which Dr. Buchanan lays so much stress. 

Mr. Power was careful to point out that — 

" Small-pox is a disease infectious beyond all others of its class. Not only 
does it spread with greater facility than, for instance, scarlatina or typhus, 
but the measures of isolation and other precautions against dissemination 
which suffice with those diseases are, as regards small-pox, altogether futile." 

He then goes on to speak of the spread of small-pox by 
means of bedding, etc. He then adds : — 

''Cases of small-pox, themselves so little serious as to be mistaken for 
'chicken pox,* have in our ordinary experience the power of producing in 
unprotected persons severe attacks of the disease And other slight cases of 
small-pox, not mistaken but purposely concealed, do much in all experience 
to spread the disease in an epidemic form." 

Clearly, in investigating the causes and progress of the 
extension of an outbreak of small-pox, no circumstance 
should be rejected which has an obvious and distinct 
bearing upon the outbreak ; and in preparing a statement 

N. S. — VOL. XXIV. O 



194 THE SPREAD OF SMALL-POX. 

for the judgment of others, it is well, in matters of doubt, 
to state the facts on both sides of the question. 

I would criticise Dr. Buchanan's Paper so far as it rests 
upon this report of Dr. Recce's. 

I would point out that Dr. Reece, before entering upon 
his investigation at all, states distinctly that there is only- 
one explanation of small-pox incidence around hospitals, 
viz., dissemination of infection by aerial convection, and 
that that explanation is absolutely satisfactory to him. 
This is his substitute for the temperate and extended view 
of the question expressed by other writers. So reluctant 
is he to disturb his satisfaction, that he rejects all the con- 
siderations upon which so much stress is laid by Mr. Power 
and other observers, and makes no reference whatever to 
the volume of proof laid before him as to other definite 
sources of infection. 

It is clear that Dr. Reece bases his case against Liverpool 
and his conclusions, upon this assumption and upon maps, 
carefully prepared, the accuracy of which I fully admit. 
So confident is he that this view comprehends the entire 
situation, that no other aspect of it is deemed worthy of 
consideration. The question may, in the first place, be 
considered from Dr. Recce's standpoint, and the further 
evidence considered subsequently. 

In the city of Liverpool there are three other hospitals, 
besides those under discussion, used for the various in- 
fectious diseases other than small-pox. I have taken one 
of these, viz., the Netherfield Road Hospital, and put 
rings round it in the same manner as Dr. Reece has done 
round the small-pox hospitals. The concentric zones have 
been placed round it, and the map has been prepared by 
the same people who prepared Dr. Recce's maps. And 
' what we find is as described in Tables on opposite page. 

These are the zones which have suffered all through the 
outbreak, and they show more marked gradation than in 
the case of any of the other hospitals. What would have 
been said if we had used that hospital for small-pox cases ? 
We might have done so, and if we had, this would un- 
doubtedly have been held up as conclusive evidence — 
evidence beyond question — of the results of aerial con- 
vection. But these cases, which occurred in the neighbour- 
hood of Netherfield Road Hospital, were, in a very large 
proportion of cases, clearly traceable to other sources, which 
I have defined and described elsewhere. It has also been 
proved upon similar evidence, and in the same way, and in 
an equally large proportion of cases, that the presence of 
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Table showing per 10,000 Houses, and for the period December 8th, 
1901, to November 9th, 1903, Houses invaded by small-pox in 
areas respectively within one mile, within three-quarters of a 
mile, within half a mile, and within quarter of a mile of the 
Hospital at Netherfield Road (which did not receive cases of 
small-pox). The corresponding rate far the rest of the city 
(including the three hospital areas of the Parkhill, Fazakerley, 
and Priory Road Hospitals) is given for comparison : — 



Period of the 

Outbreak of 

Small-pox in the 

City of Liverpool. 


Netherfield Road Hospital Area : 

House Invasion per 10,000 Houses, 

within — 


House Invasion per 

10,000 Houses in 
the rest of the City 

of Liverpool, 
including the Hospi- 
tal Areas of Park- 
hill, Fazakerley, and 
Priory Road. 


1 Mile of 

the 
Hospital. 


i Mile of 

the 
Hospital. 


i Mile of 

the 
Hospital. 


i Mile of 

the 
Hospital. 


Dec. 8th, 1901,^ 

to 1 

Nov. 9th, 1903 1 

(23 months). J 


163.8 


176.7 


199.8 


811.7 


96.1 



Netherfield Road Hospital (which was not used for Small-pox). 
Houses invaded per 10,000 Houses in each Zone. 



Zones. 



Invaded houses 



to J Mile 

Houses in 

the Zone, 

4,716. 



31L7 



i to i MQe 

Houses in 

the Zone, 

11,944. 



165.7 



J to j Mile 

Houses in 

the Zone, 

17,692. 



154.8. 



I 4o 1 Mile 

Houses in 

the Zone, 

14,364. 



133.0. 



The rest 
of the 
City. 



96.1 



small-pox in the vicinity of the small-pox hospitals had a 
precisely similar origin ; whilst there is no shadow of proof 
to connect any of them with any other source of infection. 
Information regarding small-pox is more easily obtain- 
able than formerly, and especially so in Liverpool. There 
has been important and special legislation in recent years, 
and this legislation is not designed merely to supply in- 
formation, but to aid sanitary authorities in safeguarding 
the public in the prevention of disease, We have, of 
course, the Notification Act, which is applicable throughout 
the country. We have also chicken-pox scheduled as a 
compulsorily-notifiable disease : and this is a very important 
thing, because in the recent outbreak fifty-four persons 
supposed to be suffering from chicken-pox, and who were 
being treated for that disease, were found to be feuff^ering 
from small-pox. 

o 2 
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But even this legislation is not suflBcient to- meet all the 
necessities of the case. Many inquiries have to be made, 
and it is not uncommon for relatives and friends to give 
untrue replies to thos6 inquiries. Hence it was that the 
Liverpool Corporation, in 1902, obtained Parliamentary 
powers to deal with persons guilty of wilful suppression of 
the truth, or of giving false information with regard to 
small-pox; and they obtained important penal clauses, 
which dealt sufficiently with these offences. 

The valuable assistance in tracing disease and verifying 
the sources of infection which each and all of the foregoing 
Acts of Parliament now afford, were, of course, not available 
until the respective dates at which they were passed ; but 
they were all, especially the 1902 clause, of great assistance 
in tracing sources of infection during the outbreak we are 
considering. But there is no reference to these aids to 
investigation, nor to their important results, in Dr. Recce's 
Paper, although they were placed before him. I shall, 
therefore, ask for five minutes' indulgence to supplement 
the omission ; but I wish first to refer very briefly to the 
hospitals themselves. 

Taking them in the order in which they have been dealt 
with in the Paper : — 

The Fazakerley Hospital is a new hospital for small-pox, 
erected within the last few years by the Liverpool Corpora- 
tion upon a site which was very carefully considered. The 
Corporation were desirous to place their hospitals in such 
a position that they should not be encroached upon by 
buildings in the future, and that patients should have such 
aids to recovery as fresh air would afford them. The 
amount paid for the site, which consists of 130 acres, was 
close upon £40,000. The Corporation were aided in their 
selection of a site by an experienced inspector of the Local 
Government Board, who, in 1898, gave it his warm 
approval. Subsequent to that, a small additional quantity 
of adjoining land came into the market ; and in order to 
borrow the money for its purchase, as well as to borrow 
£20,000 for the hospital itself, another medical inspector 
of the Local Government Board, of great experience, in- 
vestigated the subject, and he also expressed his approval 
of the site in question. Finally, a third application for 
more money for hospital purposes was made, and a third 
inspector of the Local Government Board, after investiga- 
tion, approved of the site. It will be seen, therefore, that 
the site was the best which foresight could suggest, and 
which money could procure. Until Dr. Reece's report 
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appeared, there was no suggestion that this institution had 
been other than a benefit to the city. It might be, of 
course, that the three inspectors of the Local Government 
Board, as well as the medical advisers of the Corporation, 
are wholly and entirely wrong, and that Dr. Reece is right ; 
but it cannot be expected that his views will be accepted 
without very rigid inquiry. Clearly, there was more at 
stake than the mere reputations of those who gave an 
opinion in favour of the site. If it were unsuitable, there 
can be but few sites in the kingdom which are suitable for 
small-pox hospitals at all, for not many Corporations would 
be in a position to pay so large a sum as £40,000 for a site. 

According to Dr. Recce's Table, on page 14 of his Report, 
the house-to-house invasion within a quarter to half-a-mile 
zone of the Fazakerley Hospital, was four times as great 
relative to the city invasion as it was in the quarter to 
half-mile zone at Priory Road Hospital. What is still more 
remarkable is that the house invasion in the half- to three- 
quarter-mile zone at Fazakerley is, according to Dr. Recce's 
Table, eighteen times as great relative to the city invasion 
as it is in the corresponding zone of the Priory Road Hospital ; 
further, in the three-quarter to mile zone it is twelve times 
as great. Yet the Priory Road Hospital falls short of 
modem requirements : it is not one which comes up to our 
standards, and is, moreover, in a situation altogether unusual 
in regard to the population around it. Priory Road Hospital, 
nevertheless, is less dangerous than Fazakerley Hospital. 

It must be mentioned that Fazakerley Hospital has only 
got nine houses within the quarter-mile zone, and a total of 
one hundred and seventy-five houses within a half-mile 
zone of the hospital. Similarly, the number of houses 
within a mile is relatively very trifling, as compared with 
the other two hospitals. There were only two houses 
invaded within the entire half-mile circle, and it is a wilful 
misuse of figures to prepare Tables which suggest an 
enormous house invasion upon facts such as these. 

Furthermore, the great majority of the few cases within 
the mile zone occurred, not at the time when the hospital 
was at its fullest use, but on the contrary at a time when 
the hospital was least used; whilst they dwindled away to 
a minimum at a time when the hospital was at its fullest use. 

I notice that Dr. Buchanan (very wisely and properly) 
attaches so little importance to Dr. Recce's Table relating 
to Fazakerley, as to take no notice of it. I do not know 
whether this is out of regard for the appreciation which 
his colleagues have for the site ; but it is a wise course, 
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for, upon reasons which will shortly be more apparent the 
Table is valueless and misleading, and it is appropriately 
discarded. I do not say this because a large sum of money 
was spent upon the site, or because the site was approved 
of by others besides myself. All of us may have been 
absolutely mistaken ; and, if so, the Corporation would at 
once cease to use the hospital, and, with the sanction of the 
Local Government Board, buy another site more suitable, 
the first object being, of course, to advance the public health 
and the public safety. 

But Dr. Buchanan assigns no reason for his rejection of 
the Table relative to the Fazakerley Hospital, and his 
acceptance of those relating to the other two hospitals. 

With regard to Priory Road Hospital, which it is alleged 
has done so much damage, there is one other striking fact, 
and that is : that the population living within a quarter- 
mile of it, though not large, is about three times the number 
which has been regarded as the margin of safety ; yet this 
population of five hundred persons of all conditions, living 
within the quarter-mile zone of the hospital, has, through- 
out the entire eighteen months that the hospital was used 
for acute cases of small-pox, been absolutely free : only one 
case having appeared within the quarter-mile zone through- 
out the whole of the period. 

Now turn to Park Hill Hospital. Figures are given 
suggesting an enormously greater incidence on the quarter- 
mile radius of this hospital than the other one, or, indeed, 
anywhere else ; namely, 526 per 10,000, as against 85 for 
the rest of the city, excluding the hospital areas. Now 526 
is a very large figure to use, and it is a relief to know that 
it means the invasion of only nine houses during the time 
the hospital was in use. But prior to the use of the Park 
Hill Hospital for the treatment of small-pox, the disease 
had repeatedly been present in its vicinity: in January, 
1902, a house within the three-quarter-mile zone was 
invaded by small-pox ; in February, 1902, one house was 
invaded within the quarter-mile zone, and two houses 
within the half to three-quarter-mile zone ; in March, 1902, 
a house within the half to three quarter-mile zone was 
invaded, and one between the three quarter and mile zone ; 
in November, 1902, one house in the three-quarter to mile 
zone was invaded ; in January, 1903, three houses were 
invaded within the half and three-quarter-mile zone, and 
one house between the three-quarter and mile zone. So 
that there were twelve separate and distinct invasions of 
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houses within the alleofed zone of influence before the 
hospital received its first case of small- pox. 

During the use of the Park Hill Hospital for small-pox, 
nine houses were invaded within the quarter-mile zone of 
the hospital. These nine houses are represented by the 
figure 526.3, quoted in Dr. Reece's Table, as the instance in 
which the influence of the hospital is most pronounced. 
Now, what probability is there of these nine invasions 
having an origin analogous in character to the preceding 
twelve : which occurred in the vicinity before this hospital 
was used for small-pox at all ? And if any of them should 
be proved to be infected in that way, what becomes of the 
Table and the inferences drawn from it ? Four of the nine 
patients had, it was known, been exposed to infection else- 
where — did they get their infection from this source, or did 
they get it from the hospital ? I will not waste time by 
quoting these cases : they are in print, and they will be 
duly put before the Society. 

Let us now turn for a few moments to the study of the 
actual proofs of the sources of infection, both within and 
without the various zones ; for, believe me, the behaviour 
of small-pox was absolutely identical in both. The Acts of 
Parliament which I have quoted, in the hands of a staff of 
adequate size, training, and intelligence, proved what was 
the actual source of infection in about 1,000 out of 2,082 
cases ; and out of these 490 were actually found by watching 
those who were known to have been exposed to infection, 
before any medical man had been called in. The staff was 
very much augmented for these purposes. Any person who 
had been exposed to infection in the centre of the city or 
elsewhere was kept under observation, and if he exhibited 
any symptoms he was noticed at once and visited medically. 
In addition to these, and to the 54 cases which were treated 
as chicken-pox, a large number of mild and unrecognised 
cases had been roaming about town within and without the 
zones, whose illness was only recognised by the fact that 
they infected members of their families or friends. Were 
these aerially infected from the hospital ? Their infection 
has been ascribed to it, notwithstanding that their source 
of infection was the same as that of patients living miles 
away from the hospital. 

I should like to quote from a Report on this particular 
matter, which I published in 1903 : — 

"Doubt as to the nature of the illness proved another fruitful source 
of dissemination, owing to the fact that a large number of cases, modified by 
vaccination, were regarded by the medical attendant as chicken-pox ; it 
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became necessary to schedule chicken-pox as a notifiable disease, in order that 
doubtful cases might be visited by a medical officer experienced in small-pox. 
The value of this measure is confirmed by the fact that fifty-four cases of 
small-pox, which were under treatment as chicken-pox, were discovered and 
dealt with. Unfortunately, however, there were stiU many cases of so mild a 
type that no medical man was called in ; and it was only after the severe 
infection of others by these cases that the real nature of the disease was 
evident. A further mischief connected with this mild form of the disease 
arose from the patients going in public conveyances to places of public resort, 
or to places of business, laundries, tobacco works, tailors* shops, etc., not only 
infecting those with whom they associated, but infecting articles which they 
handled. Children and other inmates of their houses were also going to and 
fro to their daily duties. In several cases the patient, in doubt as to the 
itature of his illness, had sought advice at the out-patient department of the 
charitable medical institutions, and had sat amongst the crowded occupants 
of the waiting-room until his turn came to see the doctor. Re-introductions 
of the disease were frequent, by tramps, labourers, and so on." 

I should also like to quote the case of Messrs. G. W. & Co., 
six of whose employees fell ill at the same time at their 
homes in different parts of the city, pointing clearly to one 
infection and at the same time. Of these six cases, one 
lived within the zone of Priory Road Hospital, one in the 
zone of Fazakerley Hospital and one of Park Hill Hospital, 
the remaining three in parts all outside the hospital zones, 
whilst they all worked in the centre of the city. Now, 
what was the source of infection of these men ? Was it 
that aerial infection from three different hospitals picked 
out three of them, and was, in fact, the cause of their illness, 
whilst the infection of the other three was from other 
sources ? 

I will just mention two other cases, and quote no more at 
present. At Everton Brow a servant-girl in a public-house 
was affected with small-pox so slightly that it was at first 
unrecognised. The nature of her illness was verified when 
the manager and his daughter had been infected. Her 
relatives were infected in another house, and they in turn 
passed on the infection to fellow- workmen residing severally 
in three or four other different parts of the city, all of 
which were outside the mile zone of any hospital excepting 
one, which is within the mile zone. Now, that one is said 
to be due to aerial convection from the hospital. If it is 
not, what becomes of the maps and dots ? There is no 
reference to any other causes ; that is what one — I will not 
say complains of — but surely all this evidence ought not 
to have been suppressed altogether. 

Henry S. Morris and his father, of No. 83, Admiral Street, 
were being treated as cases of chicken-pox. 

On March 7th, 1902, the doctor communicated with the 
Medical Officer of Health that he had suspicions regarding 
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the illness, and the Assistant Medical Officer of Health 
forthwith visited the patients, found them to be suffering 
from small-pox, and had them removed to hospital. 

A relative of the above persons, named Annie Robinson, 
living at No. 14. Balkan Street (which is within fifty yards 
of Parkhill Hospital walls), was notified by a doctor on 
March 7th to be suffering from small-pox. She had been 
ill since February 27th, and had been in the habit of 
. visiting her relatives at No. 83, Admiral Street, where 
small-pox existed. The dates of illness confirmed this 
source of infection. 

There were no cases of small-pox in Parkhill Hospital at 
this time. 

Now, Dr. Recce's attention has been called to whole series 
of such instances ; instances, in fact, so numerous that, if 
he were willing to admit the possibility of such infection, 
the whole of his spot-maps would be wasted labour. These 
facts have been brought under his notice ; but he prefers to 
abide by his conclusion that all these cases are due to 
aerial convection : thus claiming for aerial convection selec- 
tive qualities which nobody else has claimed for it, and for 
which no explanation is oflFered. Dr. Reece may disclaim 
this view ; but if he disclaims it he must modify his spot- 
maps, and if he modifies his spot-maps, he acknowledges 
that his labour has been in vain, and his conclusions fall to 
the ground. 

There is only one other point. You will recollect what 
has been said about the situation of the Fazakerley Hospital, 
and these maps and charts show you plainly enough. If 
you look at the maps, you will find that there was the 
maximum number of invaded houses in the vicinity at the 
end of about the forty-eighth fortnight, at a time of 
minimum use of the hospital, whereas the maximum use of 
the hospital was made about the twenty-seventh to the 
thirty-first fortnight, when there was a minimum of house 
invasion. There can be no question of incubation that can 
spread over all that time. 

I should like to say just one word with regard to the 
main question treated in Dr. Buchanan's Paper. I do not 
suggest for a moment that Dr. Buchanan's conclusions are 
not correct. But he weakens his case by bringing in 
instances of which he himself has no knowledge, and which 
depend altogether on dots and maps, and the sweeping 
aside of every other consideration. If an investigation 
into the causes of accidents were ever made, and the in- 
vestigator contented himself by going to a hospital for 
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accidents, drawing rings round that hospital and putting 
dots for the accidents, and then drawing the conclusion 
that all these accidents are to be ascribed to the influence 
of the hospital, his conclusions would be obviously wrong. 

Dr. Buchanan : I should like, Sir, to ask Dr. Hope : 
Can he say if there is anything in Dr. Recce's Report — and, 
if so, where — which gave him the impression that Dr. Reece 
stated that all these cases were due to aerial convection ? 
I have studied the Report from cover to cover, and I do 
not find anything in it which leads me to suppose that he 
says that every dot that appears in the maps is a case due 
to aerial convection. 

Dr. Hope : He does not say so in so many words ; but 
his conclusions point to that conclusively from the fact that 
he excludes all other possible sources than aerial convection. 
In your own Reports we find due prominence given to other 
sources of infection, and due allowance made for them. 
In Dr. Recce's Reports there are not any. If he were 
willing to admit that patients within a mile of the hospitals 
were infected through the usual channels, his conclusions 
would fall to the ground. 

Dr. McVail : I have read Dr. Buchanan's Paper with 
very great interest, but would not have troubled coming 
from Glasgow to hear it, because I so heartily concur with 
his conclusions. But when Dr. Newsholme agreed to open 
the discussion on the other side, I was anxious to learn 
what could be said against aerial convection. I have 
heard the theory denied, sniffed at, called ridiculous ; but 
none of these attacks satisfied me as sound argument. 
I was therefore very glad fco have the opportunity of 
hearing Dr. Newsholme, who is always able to say every- 
thing that can be said in support of his case. 

It is very pleasant to learn two things as to Dr. News- 
holme's position. First of all, that he is merely an agnostic, 
taking no side for or against aerial convection. He is not 
convinced — he does not deny the theory, but he simply does 
not know. 

Secondly, he thinks it of no practical consequence 
whether aerial convection occurs or not. He agrees that 
small-pox hospitals are centres of infection, and conse- 
quently that such hospitals should be situated at a distance 
from populous places. If that is the general feeling 
throughout the public health service, there must have been 
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a greater advance of opinion than I have been aware of. 
It was stated, not long ago, by a highly respected authority, 
that aerialists are the opponents of hospitals for small -pox ; 
but it appears now that non-aerialists, or agnostics, are 
opponents of small-pox hospitals in exactly the same sense 
as aerialists — both holding that these hospitals should not 
be situated in populous places. 

I did not clearly make out whether Dr. Newsholme is of 
opinion that these Liverpool hospitals, into whose figures 
he went so minutely, had any relation to the small-pox 
around them ; whether the fact that when the one hospital 
only was in use, that hospital became surrounded by small- 
pox, and the subsequent fact that when all three hospitals 
were in use, all three became surrounded by small-pox; 
whether Dr. Newsholme came to the conclusion that these 
were mere coincidences, and that there was no causal con- 
nection at all. 

Dr. Newsholme : Mr. President, I must leave the general 
trend of my remarks as I have already made them. I may 
simply say that my own opinion is, that there was no proof 
of hospital influence. 

Dr. McVail : Dr. Newsholme is of opinion that quite 
possibly neither aerial convection nor intercourse with the 
hospital had anything to do with the excessive prevalence 
of small-pox : first of all, around the one hospital when it 
was alone in use ; and, secondly, around the three hospitals 
when they were all in use simultaneously. 

Dr. Newsholme: I believe that small-pox is always 
liable to be spread by intercourse between the hospital and 
its surroundings ; and if there was such intercourse, that 
may have increased the prevalence of small-pox in the 
neighbourhood. Whether there was such intercourse or 
not I cannot say. 

Dr. McVail : At the Congress of the Sanitary Institute 
in Glasgow — at a meeting at which I was not present — I 
noticed afterwards that an opinion had been expressed, to 
the effect that the decision of Mr. Justice Farwell in the 
Nottingham case had settled the question of aerial convec- 
tion. That view seems to have got some hold, and, as 
I have said elsewhere, it is therefore desirable to note 
what really appears to be the relation of the Nottingham 
case to the theory of aerial convection. 

Mr. Justice Farwell — as reported in the medical press — ■ 
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stated that, in order to obtain an injunction in such a case, 
it was necessary to establish " a strong probability, almost 
amounting to a moral certainty," of risk or danger follow- 
ing from the hospital. He stated that to be the law of 
England, and it is also the law of Ireland, for he was 
quoting from the opinion of an Irish judge. That being 
the law, the decision in the Nottingham case could not be 
other than as given by Mr. Justice Farwell. No one who 
appeared in that case — and perhaps no one who supports 
the theory — would make the statement that, with regard 
to every such small-pox hospital there is ** a strong proba- 
bility, almost amounting to moral certainty," that small- 
pox will spread from it. The view of the aerialist — as I 
understand it — is, that it requires a concurrence of favour- 
able conditions to produce this result, and that concurrence 
cannot be expected with anything approaching to certainty. 
Mr. Justice FarwelFs decision does not in any way in- 
validate the theory of aerial convection. He expounded 
an important point in the law of England, but the state of 
the law does not aflTect the medical theory. 

But Mr. Justice Farwell went on to give his legal view 
as to the nature of the evidence which would be required 
in a matter of the sort, and that view is of the very 
greatest interest. He held, with reference to Dr. Thresh's 
evidence, that '" the plaintiffs case depended on the in- 
ference to be drawn from an unbroken series of facts — in 
all cases where A has occurred B has followed, therefore 
A causes B. But the conclusion depends on the univers- 
ality of the premiss, and a negative instance unexplained 
spoils the chain." 

Now, does that formula apply in the field of medical 
science, where we deal not with abstract problems in which 
the factors are assumed to be unchanging and unchange- 
able, but with a variable and as yet undiscovered micro- 
organism, conveyed by a variable medium to a variable 
liuman subject ? Suppose we have a case of scarlet fever 
which is not followed by a second case, and that there is no 
explanation of the failure to infect. It appears, then, that 
because B did not follow A, scarlet fever is not, at common 
law, to be regarded eis an infectious disease. Fortunately, 
disease prevention is carried on under statute law, not 
under common law. 

In September, 1 902, in PtMic Health, I read this : — 

" Two cases of virulent small-pox occurred in a crowded slum neighbour- 
hood, and were not removed to hospital ; and, although the neighbourhood 
included a number of unvacoinated persons, no spread of infection occurred.". 
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Here there was opportunity of infection by contact ; but 
B did not follow A; and if ''a negative instance unexplained 
spoils the chain," then small-pox cannot be legally regarded 
as infectious by personal intercourse, any more than by 
aerial convection. I do think that the Nottingham decision 
does not take us very much further than we were before. 

What attitude should be adopted with regard to evidence 
on the question of aerial convection ? If the attitude be 
this — that aerial convection can be admitted only when the 
possibility of all other sources of infection is absolutely 
excluded — then there comes the further point : Is it not 
also held to be invariably impossible to exclude absolutely 
all other such sources ? If it be required of believers in 
aerial convection that they shall prove a negative (namely, 
that no other possible cause of infection did exist), at the 
same time that it is pointed out to them that a negative is 
unproveable, obviously the requirement cannot be fulfilled. 
Surely, the same rules of evidence should be applied to 
aerial convection as to other questions in the domain of 
medical science — ^rules, for example, which take cognisance 
of the fact that we cannot actually see the virus of in- 
fectious disease — of scarlet fever, or typhus, or whooping- 
cough, as it passes from one individual to another, but 
have to form our opinions on a basis which must fall short 
of actual demonstration. 

I noticed, some time ago, a paper on this subject by a 
very competent medical man. He had to do with a small- 
pox hospital, and he said that he treated small-pox in the 
same hospital with other diseases ; but that the measures 
that he was taking with regard to small-pox were quite 
sufficient to prevent its spreading, and it had not done so. 
And then he went on : — " I must also add that if the use of 
this ward for small-pox is found to affect the other 
pavilions, I shall be quite satisfied that the regulations 
have not been carried out." That is an example of a 
mental attitude which I would venture to deprecate in this 
discussioni. 

In Public Health for September, 1902, there was a lead- 
ing article dealing critically with the theory of aerial 
convection. In the course of that article this passage 
appears: — 

" Another experiment has been tried in London at the South Wharf 
Shelters, to which at least eight thousand cases have been conveyed en rotUe 
for the hospital ships. The shelters hold twenty-five patients, and on one 
occasion as many as 120 patients have been detained there and on the steam- 
boat when the traffic on the river was stopped by fog ; and yet, as Dr. T. 
Orme Dudfield has pointed out, without ill effect on the locality. There has 
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been no spread of the disease in the neighbourhood of the shelters ; and, in 
fact, their immediate vicinity has been freer from small- pox than many other 
parts of the borough." 

That seems a pretty clear ease of absence of aerial 
diffusion; but, in the January following, this letter ap- 
pears : — 

'* In the September issue of Public Health a statement was made to the 
effect that there was immunity from small-pox in the vicinity of South Wharf 
Shelters ; and this is again mentioned by Dr. Malet, in his letter in the 
December issue. It arose from a statement made by myself to the Medical 
Officer of Health for Kensington, early in the late epidemic, and when many 
cases had not occurred in the vicinity of the place in question. Subsequent 
events, however, proved that this immunity did not continue, and there was 
a much greater incidence in this region than in any other part of the borough. 

" In my special report, published early in October, you will find a full 
statement of the facts in regard to the Wharf, as far as could be ascertained, 
under the head of * Aerial Diffusion.' This statement ought to be corrected, 
as it is being constantly re-quoted, and is quite erroneous. Taking the area 
round the Wharf, there are about 2,560 inhabitants cut off from the rest of 
the borough by ducks, with an attack-rate of 10.55 per 1,000 inhabitants, as 
compared with 5.35 in the next most infected area of the borough, and 2.30 
for the whole borough. I have discussed the ways in which the Wharf has 
influenced this incidence, and I certainly think that danger is to be looked 
for in the direction of intercommunication between persons employed in the 
hospital and the surrounding inhabitants, and not through aerial diffusion of 
the infection." 

Thus we see that in September the supposed absence of 
small-pox is at once accepted and cited as evidence against 
aerial convection ; but the subsequent discovery that small- 
pox had had a fourfold prevalence in the neighbourhood 
of the wharves is not admitted to yield any presumption 
in favour of such convection. 

Dr. Louis Parkes, who was in the chair at the Newcastle 
Meeting of the Royal Sanitary Institute this year, made 
a very shrewd remark in closing the discussion. He 
said that he thought all negative cases should be 
investigated equally with all positive cases. I do think 
that is a most valuable suggestion. The incidence around 
small-pox hospitals in populous places should be gone into, 
and the whole facts stated. It is quite possible that what 
may appear due to aerial convection at one time may subse- 
quently prove to be in a large measure due to other causes. 
I think that Dr. Savill did something to indicate that in 
the case of Warrington. On the other side, there is the 
supposed negative case of the hospital wharves which I 
have just mentioned. Also, it has been most fortunate 
that Dr. Hope's views as to the absence of hospital influence 
in Liverpool have been traversed by Dr. Reece ; and when 
one gets time to look into Dr. Hope's remarks, it will be 
possible more thoroughly to weigh up the facts. But I 



THE SPREAD Off SMALL-POX. 207 

confess I was surprised at Dr. Hope assuming that the fact 
that Dr. Reece, in his report, has made no reference to the 
possibility of other causes of small-pox in the quarter and 
half-mile circles meant that Dr. Reece denied any such 
other causes. It is manifest that there must be other 
causes, but what we want is to explain the difference 
between the larger incidence round hospitals and the 
smaller incidence in the rest of the community. It is the 
difference that is in question, Obviously, the existence of 
a small-pox hospital does not prevent ordinary means of 
infection around it. That goes without saying. 

There was one group of experiences mentioned in the 
course of the Nottingham case that I have been hoping to 
know more about. Dr. George Reid gave weighty 
evidence referring to seventeen hospitals in Staffordshire, 
from not one of which had there been any evidence of 
spread of small-pox. It is most important that the whole 
of the facts regarding these seventeen hospitals should be 
published. It is impossible for a witness in the box to 
arrange and elaborate his evidence as he can do in a Paper 
on the subject ; and just as the Liverpool hospitals* ex- 
periences can be best studied not solely from Dr. Hope's 
evidence in the Nottingham case, but also from his Annual 
Report, read alongside of Dr. Reece*s Report to the Local 
Government Board, and from Dr. Hope's contribution to the 
present discussion, so one would desire to have Dr. Reid's 
valuable experience recorded in detail, giving the full facts 
regarding every one of the seventeen hospitals : the popu- 
lation around them, the times when thev were used for 
small-pox, the numbers of acute cases, and the precautions 
against personal conveyance of the disease. Then we could 
weigh the evidence along with Dr. Hope's and Dr. Thresh's, 
and the Glasgow, Gateshead, Essex and other cases, and 
consider the whole volume of such evidence at our leisure. 

I am quite at a Ipss to discover where the difficulty lies 
in accepting the possibility of aerial convection of small- 
pox from hospitals. We agree that small-pox is conveyable 
lor at least some distance through the air. We agree also 
that small-pox and scarlet fever and diphtheria may be 
spread directly or mediately from any case or cases of the 
disease; and so theoretically all these diseases may be 
spread by hospital intercourse. But is it not possible that 
prevalent views of the power of small-pox to spread by 
intercourse are exaggerated ? Already I have referred to 
two London small-pox cases which caused no spread of infec- 
tion. At Fulham Hospital, when smaH-pox prevailed there, 
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nine non-resident servants did not carry the disease to 
their houses in nine different streets, but so soon as a 
hospital dustman himself caught small-pox, he infected his 
own family. We never see scarlet fever or diphtheria 
spreading from a hospital as small-pox does. Why, then, 
should the excessive prevalence of small-pox be always 
and wholly attributed to intercourse ? Why especially 
should this be so when we know that a hospital like 
Darenth may contain hundreds of convalescent small-pox 
patients in all stages of desquamation, with crusts and 
scabs abundantly shed from their whole integument day 
after day, and yet without any extension of infection from 
the hospital ; whilst on the other hand hospitals containing 
acute cases closely confined to bed, and previous to dessic- 
ation of the pustules, cause prevalence of small-pox all 
around them ? If the cause were intercours or mediate 
infection from small-pox dust, surely a convalescent 
hospital should be a prime source of danger, instead of 
being found practically harmless ; and, per contra, hospitals 
with acute cases confined to bed, and previous to drying of 
the eruption, should be much less effective as centres of 
infection. But experience shows that small-pox has, over 
and over again, spread from hospitals containing a collec- 
tion of acute cases. These considerations are the very 
basis of the aerial theory. It is simply aji endeavour to 
explain known facts: to construct a working hypothesis 
which shall adequately account for the observed pheno- 
mena of small-pox hospital influence. 

Indeed, I do not myself see why, when there is excep- 
tional prevalence of small-pox round a hospital, every case 
regarding which even the most far-fetched and improbable 
suggestion of mediate infection can be made, should at 
once be dogmatically set down to that imagined cause, 
rather than to atmospheric diffusion. 

The evidence is not confined to this country. Aerial 
convection was discussed in America before the end of the 
eighteenth century ; and Sir John Rose Cormack, about a 
quarter of a century ago, noticed small-pox being spread 
from hospitals in Paris, and formed the opinion that it was 
due to what he called epithelial drift. He also referred to 
one reported case, where it was believed to have spread 
specially from that side of a small-pox hospital which had 
open windows. 

After all, it seems to me that the greatest difficulty in 
accepting the theory of aerial convection is to be found in 
the statements that have been repeatedly made regarding 
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the absence of small-pox in certain public institutions 
within a quarter and a half mile of small-pox hospitals. 
That was what concerned me a dozen years ago in looking 
into the matter, and I am struck by the recurrence of such 
evidence in the present discussion. I would like, therefore, 
to say a word regarding it. Last week you had Dr. Ker, 
from Edinburgh, who gave you some account of what has 
taken place there. What I understand is this — that there 
is practically no population, excepting in certain insti- 
tutions, within half a mile or more of the Edinburgh 
Hospital. 

Dr. Buchanan: Except a small group of dwellings at 
this end. 

Dr. M'Vail: But if within the half mile there is no 
general population, I think it is necessary to point out that 
this was not a control experiment. The nature of a control 
experiment is this : that the two cases shall resemble each 
other in every point, excepting the one on which the 
control experiment is made ; that is, we should have within 
a half-mile of the hospital institutions that escape small- 
pox, at the same time that we have a surrounding popula- 
tion which does not escape. With regard to Edinburgh, 
these conditions seem not to have been fulfilled. If there 
was no population in this radius round the hospital except 
in the institutions, then one does not know whether there 
would have been any spread of small-pox if there had been 
a population. The value, in the meantime, of the Edinburgh 
case seems simply this : that there was a population within 
that distance of the hospital which did not take small-pox ; 
but whether that was due to its being an institutional 
population or not, is not in the least proved. In so far as 
the patients in the fever hospital were confined to bed, or 
to the wards, they would be much less exposed to aerial 
infection than persons moving about outside ; and that 
remark would perhaps apply even to the erysipelas cases 
who were nearest to the small-pox wards. The case has its 
own value, but its value is limited ; and I confess that 
those of us who know Edinburgh, and the standing of its 
medical profession, and how the vaccination laws are 
obeyed in that city, can have little difficulty in believing 
that you might have institutions there whose population 
was practically insusceptible owing to vaccination. 

In order that such institutional cases should yield a 
lesson of any real value, it is necessary to know quite 
definitely the vaccinal condition of the inmates. When, as has 

N. S. — VOL. XXIV. p 
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repeatedly occurred, I have been compelled to send small-pox 
to an ordinary fever hospital, I have examined the vaccinal 
conditions of every patient in the hospital ; and the number 
who were found not to require vaccination owing to 
recency of primary vaccination, or to re-vaccination, or 
occasionally to previous small-pox, has been surprisingly 
great. For the rest, I have never failed to persuade those 
who really needed renewal of protection to submit to the 
operation. In consequence, the institution has been simply 
insusceptible to small-pox. It is not enough to know that, 
under risk of small-pox, re-vaccination was not performed 
on every inmate. The question is, how many who needed 
vaccination or re- vaccination were left unprotected. 

Another essential is to know the age-distribution of 
these populations. In workhouses, a large number of the 
inmates are past the age at which small-pox attacks are 
likely. For example, only one-sixth of the general popu- 
lation reaches the age of sixty; but in workhouses the 
proportion of old persons is very much greater, and small- 
pox attack is much less likely at or over sixty than at 
earlier periods of life. Then, again, with regard to inmates 
at other ages, they must largely consist of persons who 
have often been in common lodging-houses, where general 
vaccination is attended to whenever small-pox appears, or 
in prisons where the operation may be a matter of routine 
in cases requiring it, whilst the vaccination of children 
born in workhouses is not likely to be neglected. These 
considerations make it necessary that we should know the 
actual facts regarding each institution cited as evidence 
against aerial convection. 

In the absence of details, the argument from institutions 
does not appear to me to disprove the power of small-pox 
to spread by diffusion through the atmosphere. 

Those who regard aerial convection as the best explana- 
tion of some of the facts we are discussing to-night may 
perhaps be accused of scientific credulity. But scientific 
incredulity may be far more dangerous. A man is apt to 
form very definite conclusions as. to the means by which a 
given infectious disease may alone be conveyed ; and in that 
case, though the disease may be spreading all around him 
by a different method, he, being hidebound by his pre- 
conceived opinions, will fail to recognise the agency at 
work. Having determined that aerial convection is im- 
possible, or that hospitals are harmless, he may go right 
into the midst of an outbreak so caused, but his eyes and 
his mind will be closed to the facts that are before him. 
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The President : Both sides of the question before us 
have been well and fully stated, and most of the points I 
had intended to bring forward have vanished one by one 
as I have listened to Dr. Me Vail, who has put them 
infinitely better than I could have done. There are still, 
however, one or two on which I should like to make a few 
remarks, and first as to the antecedent probability of aerial 
convection. 

We are probably all agreed that particulate infective 
matter passes from a small-pox patient into the air of the 
room in which he lies, and can effect susceptible persons at 
short ranges, say within the room ; and our faith in this 
would not be shaken by finding that sometimes in such 
circumstances actual infection did not follow. From the 
once frequent records of infection from rags, it may be 
inferred that the poison does not readily become inert, but 
can retain its virulence for long periods. Particulate 
matter of other kinds is carried far by air, in a direction 
determined by that of the air-currents for the time being, 
to settle, sooner or later, more thinly as the radius in- 
creases ; and this without the aid of flies or other insects 
which may, nevertheless, be given. As regards smoke 
particles, metallic and other dust, and bdcillus prodigiosus, 
these results are demonstrable. The suggestion is that 
small-pox particles under the same conditions behave in 
the same way, and like bacillus prodigiosus remain in- 
fective at the end of their transit. The infected air of the 
sick room must pass into the open air, although it is not — 
as smoke is — usually delivered at a high level in a hot 
current, with considerable upward initial velocity; and 
any particles it contains may therefore be expected to 
settle all the sooner on that account, especially in the 
absence of high winds, which seems to have coincided with 
experience of aerial convection. 

It seems to be generally agreed that whatever the 
explanation may be, there is occasionally some " hospital 
influence" to be recognised : a graduated incidence of small- 
pox around hospitals, graduated much as the deposit of 
smoke would be. It might well happen, on the hypothesis 
of aerial convection, that owing to the direction of air- 
currents at critical times, the diffusion would be mainly in 
one direction, and that this might coincide with that of 
traffic to and from the hospital. But at Fulham, at all 
events, the larger incidence was in another direction. 
Dr. McVail has referred to the difficulties which attend 
any attempt to explain this incidence, and especially its 
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graduation, on the basis of personal contact or traffic. No 
one disputes the danger which must arise from such 
sources, if there be laxity of administration of hospitals and 
ambulances. The question is, whether the most liberal 
estimate of carelessness in those respects can explain the 
facts observed at Fulham and elsewhere, as to the amount 
and peculiar distribution of small-pox in the vicinity. 

Why it should be only small-pox which is liable to exert 
this " hospital influence" is less clear on either view. As 
far as I know, nothing of the kind has been brought home 
to scarlet fever, even when isolated on a large scale in 
hospitals surrounded by dwellings. Measles, which has 
many points of analogy with small-pox, has not yet been 
concentrated in hospitals in the same way. 

Possibly the infective matter of some of these diseases 
is readily destroyed by dryness, or by exposure to air, or 
becomes ineffective when diluted beyond a certain point. 
This, however, is not the only problem of the kind. Why 
is small-pox not conveyed by milk or water, as certain 
other infectious diseases are ? 

At all events, small-pox, and so far small-pox alone, has 
been found now and then to occur around hospitals in a 
characteristic way, the details of which would be d priori 
probable on the hypothesis of aerial convection, but could 
hardly have been predicted on any other view. 

Negative experiences are valuable as grounds for the 
conclusion that aerial convection is, at all events, excep- 
tional, which is not denied by those who accept Mr. Power's 
suggestion ; but they cannot in themselves disprove it, any 
more than the escape from enteric fever epidemics of 
communities who derive their water supplies from polluted 
sources, or the escape of individuals during such an 
epidemic, disproves the reality of water-borne infection. 

It is not a hospital question alone, though the facts can 
be better studied, on a large scale, when the possible focus 
is single, and infected in a greater degree and for a longer 
time. I believe that if circumstances permitted the same 
close observation of small-pox in private houses, we should 
find here and there examples of aerial convection far 
beyond the sick room. One suggestive instance occurred 
in my own experience, years ago. A case of small-pox 
was brought into a house in a crowded part of Nottingham, 
at a time when the town had long been free from the 
disease. It remained unreported for some days ; and after 
the usual incubative period other cases occurred in houses 
near, which had, as far as could be ascertained, no direct 
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communication of any kind with that first infected. The 
secondary houses were in the same block — only a few yards 
away — but in courts approached only by passages from 
other streets. The wind was light, and blowing in the 
direction which the hypothesis of aerial convection would 
require. 

We are greatly indebted to Dr. Buchanan for his excellent 
Paper. The discussion has been so full that he cannot 
speak at length to-night ; but I will ask him to say a few 
words now, reserving for publication in the TraTisactions 
his reply on the discussion generally, including the obser- 
vations which we hope to receive in writing from those 
members who have not been able to address us to-night. 



The following contributions, including Dr. Buchanan's 
Reply on the whole Debate, have since been received : — 

Dr. R. J. Reece : Although the President was so good as 
to invite me to speak at the adjourned discussion on 
Dr. Buchanan s Paper, I thought it best, in view of the 
lateness of the hour, and of the many references which had 
been made to my recent Liverpool Report, to avail myself 
of the Society's decision to receive additional contributions 
to the discussion in writing. 

It may be well to point out that this Liverpool Report, 
as its title sets forth, is a report to the Local tJovernment 
Board on Small-pox and Small- pox Hospitals in Liverpool, 
1902-3, and not a thesis on aerial convection. Dr. Buchanan, 
in his Paper, and other speakers in the discussion, have 
carefully distinguished between the occurrence of what is 
conveniently termed '* small-pox hospital influence," and 
the various explanations of this influence. In Liverpool 
the principal matter which I had to ascertain for the 
purposes of the Local Governnaent Board was w^hether or 
not hospital influence had been manifested. The importance 
of ascertaining this is at once evident, on consideration of 
the situation as regards populous neighbourhoods of the 
three hospitals in which the acute cases were received, and 
of the magnitude of the Liverpool epidemic during the two 
years in question. Dr. Buchanan has given an outline of 
the principal facts as to this ; fuller details can be found in 
my Report itself. It must also be remembered that, before 
I undertook my inquiries, it had been asserted that the use 
of these several hospitals in Liverpool had not been attended 
by exceptional prevalence of small-pox in their vicinity. 
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Thus Dr. Hope, in a Report to the Liverpool Corporation 
" On the Recent Outbreak of Small-pox," dated 31st 
December, 1 903, had already said (p. 28) : — 

'* Until within recent years there was an impression that a small-pox 
hospital, however well conducted, must necessarily be a source of infection to 
the district in which it is situated, owing to what is known as aerial convec- 
tion, i.e., conveyance of infection for prolonged distances through the 
atmosphere. It is important, therefore, that the experience of the Liverpool 
hospitals in this respect should be borne in mind, because it shows- that in 
strictly-disciplined institutions, placed as these hospitals are, no danger arises 
from this source." 

But although much importance naturally attached to 
opinions thus expressed, it did not appear from the data 
given by Dr. Hope in the Report above quoted, that they 
rested upon a thorough and systematic study of the local 
incidence of small-pox at different periods, and in relation to 
the operations of diflFerent hospitals : a work which neces- 
sarily would involve such enormous labour that the most 
energetic medical officer of health — even Dr. Hope himself 
— might reasonably be reluctant to undertake it. Dr. 
McVail has referred to a desire which has been expressed 
that *' negative instances" — cases in which a hospital or 
hospitals have been stated on good authority to have 
exerted no adverse influence on populous areas in their 
vicinity — should be investigated by the Medical Depart- 
ment of the Local Government Board. Liverpool aflbrded 
excellent opportunities for an investigation of the kind 
desired. As I said in my Report (p. 10) : — 

'^A demonstration, therefore, of absence of spread of smaU-pox from 
hospital, in the case of Liverpool, where three hospitals, two of them in the 
city, were receiving acute small-pox cases, and where in particular one of the 
hospitals (Park HUl), for a period of some twenty-four weeks at the height of 
the epidemic, received acute small-pox patients in large numbers, would, if 
established, be not only particularly interesting to epidemiologists, but in its 
administrative aspects would be reassuring to small-pox hospital authorities.'' 

My main work, therefore, was to get out the data ; to 
apply all available means of checking and correcting the 
collected facts as to the occurrence of cases and the invasion 
of houses ; to determine populations and numbers of 
dwellings in different areas; to spot maps so that they 
showed, fortnight by fortnight, all the newly-invaded 
houses in the city ; and, subsequently, to combine these 
various data as to local incidence of small-pox in relation 
to the hospital operations. In my Report I summarise the 
questions with which I had to deal as follows : — 

'* (1) Has the inhabited area within a mile in each instance of a hospital 
Buffered more severely than the rest of Liverpool ? And if so — 

^ (2) Has exceptional incidence within that area corresponded in point of 
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time (having regard, of course, to the period of incubation of small-pox) to the 
use of the hospital for the treatment of acute small-pox cases ? And — 

"(3) Is there evidence that within the several " one-mile areas," as they 
may be termed, dwellings nearer to hospital sustained a heavier incidence of 
small-pox than those further away ? " 

And my conclusions, based solely upon data upon the 
accuracy of which Dr. Hope and I are completely in accord 
— for obtaining many of them I am of course indebted to 
him and to his staff — were : — 

*'(!) Inhabited areas within a mile of each of the three Liverpool small- 
pox hospitals have suffered more severely from small-pox than the city as a 
whole. 

'* (2) Exceptional incidence of small-pox within these areas has corresponded 
in point of time with the use of these hospitals for the treatment of acute 
small-pox cases. 

" (3) Broadly speaking, within these hospital areas the dwellings nearer to 
hospital have sustained a far heavier incidence of small-pox than those further 
away." 

Dr. Buchanan, in his Paper, has referred to the way in 
which the Liverpool experience, summarised in the above 
conclusions, is parallel to that met with in London before 
1886 ; and subsequently in a plurality of other instances of 
provincial hospitals which have had considerable popula- 
tions in their neighbourhood ; and with regard to Liverpool 
he draws the inference which I have done, namely, that we 
have there a notable and striking example of the charac- 
teristic " small-pox hospital influence." It is now necessary, 
however, to consider Dr. Hope's view of the facts brought 
out by my inquiries. I understand him to urge that these 
are not instances of true "hospital influence," but of some 
kind of spurious imitation of the real article; that the 
excessive incidence of small-pox round these hospitals, the 
correspondence of such incidence in point of time with 
hospital operations, and the graduations observed have had 
no relation other than fortuitous to the hospitals themselves : 
that, indeed, he advances a kind of " Theory of Fortuity." 

I do not think Dr. Hope has assisted this contention 
materially by instances such as — in one series of cases 
— a woman, ** Annie Robinson, living at No. 14, Balkan 
Street (which is within fifty yards of Park Hill Hospital 
walls)," where the source of infection was traced by his 
staflf; for, as he himself points out, "there were no 
cases of small-pox in Park Hill Hospital at this time." 
Or in another case, which he has placed on record 
elsewhere, of a patient who died suddenly within the f-1 
mile zone of the Priory Road Hospital, and to whom he 
toaces the infection of certain other persons, for he fails to 
trace the infection of this primary case, and the hospital 
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was at the time receiving acute small-pox patients. Neither 
do I consider that anything is gained by the cases he 
quotes of Messrs. G. W. and Co., or the servant-girl at 
Everton Brow. Of course, scores of instances could be 
brought forward in which persons living near a small-pox 
hospital were in all probability infected independently of 
it. Living close by a small-pox hospital does not confer 
immunity from small-pox attack by direct infection — the 
point is too elementary to need stating. The question at 
issue is not whether all cases living within a mile of a 
hospital contracted small-pox from the hospital, but 
whether the excessive incidence round the hospital is 
attributable to the hospital. 

I may add one other point. Dr. Hope succeeded — through 
the efforts of his staff and with the aid of the special 
powers to which he has referred — in tracing a probable 
source of infection in about 1,000 out of the 2,000 cases 
which occurred in Liverpool during 1902-3. Incidentally, 
I may note that there seems to be an ample margin for cases 
due to aerial convection from the hospitals. But there is 
also some question with regard to the 1,000 cases which 
are accounted for. In some of these cases, occurring in the 
hospital areas, it appears to me, after study of detailed 
lists, that after all the recorded evidence of contact with 
small-pox cases was slight ; and that it might at least be 
equally probable in certain cases that aerial convection 
from the hospital was the real cause. This, however, can 
only be a matter for speculation. A further point is the 
possibility that certain of the undetected cases which 
remained at their houses (in any part of the city) caused 
infection in their neighbourhood as a result of aerial con- 
vection, not of direct or mediate infection. Dr. Hope has 
given an interesting case in point in a diagram attached 
to his 1903 Report on the Liverpool outbreak: where a 
woman named Powell, who, while suffering from small-pox, 
remained at a house in Lansdowne Street for three weeks 
before removal to hospital and is believed to have caused 
the infection of as many as 29 cases in the neighbourhood. 
Now, in accounting for these 29 cases, Dr. Hope and his 
staff have been content in several instances with recorded 
explanations, such as that the patient lived: "in the 
neighbourhood of Lansdowne Street," " close proximity to 
Lansdowne Street ; " "a shop in Lansdowne Street," and 
so on. 

This method of accounting for the infection of cases can 
hardly be regarded as complete. It might, perhapsi be 
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extended in the following manner : " Walked down a street 
in which the Powells lived ; " " Belonged to the same Band 
of Hope as the Powells," " Received a telegram from the 
Powells/' 

I do not, however, seriously question that these patients 
did, in some way or other, receive infection from the woman 
Powell. But, in view of our experience of small-pox 
hospitals, and of cases such as that at Nottingham, to 
which the President has referred, it seems to me that aerial 
convection of infection over comparatively short distances 
from the Powells^ house should be included among the 
conditions, such as fomites or mediate infection, which in 
this instance may be supposed to have favoured the local 
spread of the disease. 

I find it somewhat difficult to follow Dr. Hope's criticism 
in regard to rates. The statistical part of my Report was 
intended for readers who could distinguish between the 
actual figures given and the rates calculated on those 
figures, and throughout that Report I have given the actual 
figures side by side with the rates. In dealing with the 
case of Fazakerley Hospital, I have in three separate places 
drawn attention to the necessity of caution in drawing 
inferences from rates based upon small numbers. The fact 
is, of course, that some of the rates are calculated on large 
figures, e.g,, the rates for the larger areas round Park Hill 
Hospital during the period 7th December, 1902, to 20th June, 
1903, when that hospital was receiving cases on a large scale 
at the height of an epidemic, while others are calculated on 
small figures, e.g.y the fortnight-by-fortnight rates, or the 
rates on the small area within \ mile of Park Hill, which 
contains only 171 dwellings, nine of which were attacked, 

fiving the rate of 626 per 10,000 referred to by Dr. Hope, 
'he smallness of the number of houses in such an area as 
this, or as in the Fazakerley neighbourhood, is a matter 
which the epidemiologist must take as he finds. The point 
which comes out in dealing with the mile areas round these 
several hospitals, and the subdivision of those areas, is that 
whether you take the large figures for the large hospital 
at the height of the epidemic, or the smaller figures for the 
smaller hospital in the early portion of the epidemic, or the 
figures for the outside hospital with its comparatively few 
houses round it, each in its degree, and on the invasion 
rates, indicates the same characteristic excessive incidence 
corresponding in point of time to the hospital operations ; 
and when the figures are largest, and the conclusions to be 
drawn from the rates are consequently the most definite, 
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the indication ot* the excessive incidence, and the graduation 
of incidence, are clearly manifest. 

With regard to Dr. Hope's observations on the danger 
which he represents me to have attributed to Fazakerley 
Hospital, as compared with small-pox hospitals situated 
within the city, it is hardly necessary to point out that a 
house invasion rate of 3 per cent, in the case of a hospital 
like Fazakerley, which almost fulfils the Local Government 
Board requirements as to population, is a trifling matter 
administratively, by contrast with the same invasion rate 
in populous areas such as those round Priory Road or 
Park Hill. 

The Netherfield Road story does not seem to me to lend 
much weight to the argument that the occurrences round 
hospitals were merely fortuitous. The analogy is hope- 
lessly incomplete. If it is desired to show by analogy that 
the occurrences round the small-pox hospitals were accidents, 
and nothing more, we want something of this kind — a series 
of facts as to the incidence of small-pox round three 
establishments which are the only three of their kind in or 
near the city — say, three skin hospitals, three piano fac- 
tories, or three of anything else you please, provided they 
are the only three, and are placed in different parts of 
Liverpool, and outside the small-pox hospital areas. If the 
analogy is to be of value, these facts must be found to show 
an excessive incidence of small-pox round each establish- 
ment, and a graduation of incidence round each establish- 
ment. And it would not be enough to find that this 
excessive incidence and this graduation occurred when the 
whole epidemic period was taken. In the case of estab- 
lishment A, they must be found during the period in which 
Park Hill Hospital was receiving cases, and not at other 
times ; in the case of establishment B, solely while Priory 
Road was receiving cases ; and in the case of establish- 
ment 0, solely when Fazakerley was receiving cases. In 
the absence of some such demonstration, I do not see how 
to attach weight to the comparison which Dr. Hope invites 
us to make. 

What Dr. Hope appears to advocate, and what I have 
termed a theory of fortuity, is an explanation that the 
excessive and characteristic incidence of small-pox within 
the hospital areas was due to accident; that undetected 
cases, or other causes of spread of small-pox from person to 
person, occurred in exceptional numbers, as a result of mere 
chance, in the areas in question at the time when the 
hospitals were open. On this explanation, the apparent 
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relationship between the excessive incidence of small-pox 
on the hospital areas and the activity of the hospitals, the 
gradation in intensity of incidence within the hospital areas 
and the rest, are mere matters of coincidence. 

The theory might be seriously entertained if the ex- 
perience of Liverpool in 1902-3 stood by itself. But when 
the notorious occurrence of similar phenomena round other 
hospitals in other epidemics is borne in mind, it may be 
dismissed as altogether inadequate. 

As to the explanation, my own belief is, that aerial 
convection probably operated in the case of each hospital. 
Naturally, I have carefully considered the alternative 
explanation: that of direct and mediate infection due to 
hospital communications and traffic. The data placed at 
my disposal by Dr. Hope give no suggestion of support to 
the latter explanation, in the case of any one of those 
hospitals. The assumptions required to explain the ex- 
cessive incidence, dnd the graduation of incidence in each 
instance, by a prolonged series of unsuspected communica- 
tions between the hospital and its neighbourhood, un- 
detected by Dr. Hope's staft* seems to me to be so improbable 
that it may safely be dismissed. I realise, however, that 
in this contention I am not likely to receive the support of 
Dr. Newsholme. 

Looking to the whole case, therefore, I remain of opinion 
that in Liverpool, during 1902-3, we had to deal with a 
remarkable series of instances of true hospital influence ; 
the excess of small-pox in the neighbourhood of the hos- 
pitals standing to the operations of these hospitals, as 
Dr. Buchanan has put it, in the relation of eflect and 
cause. 

Dr. Philip Boobbyer : Owing to the interest I feel in 
the subject of Dr. Buchanan's Paper, and my inability to 
attend either of the recent meetings of the Epidemiological 
Society at which it was discussed, I am specially glad to 
avail myself of the opportunity now kindly offered me of 
sending in writing a contribution to the Society's Trans- 
actions under this heading. 

At the outset I wish to say that I entirely agree with 
the President and other speakers, that there can be no 
doubt of the capacity of small-pox infection — as of other 
particulate virus — to spread for short distances through the 
air. And, given the possibility of such extension without 
intermediate vehicle, it is obviously difficult to limit the 
distance over which it can possibly take place. It is surely 
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a mistake, however, to consider that a virus of such ex- 
ceptional — if short-lived — activity should spread almost 
exclusively through one only of the available media. We 
hear comparatively little nowadays of indirect agencies of 
infection, but I have known the disease undoubtedly carried 
on many occasions by such agencies. In the neighbour- 
hoods immediately and remotely surrounding small-pox 
hospitals we have the hospital ambulances and other con- 
veyances, and the clothing and persons of hospital servants, 
nurses, and medical men, continually moving about, and 
constituting a serious menace to unprotected persons with 
whom they may come into contact or proximity. This is 
no fancy picture of remote possibilities, but a statement of 
fact based upon experience. I have known small-pox 
carried by a coat sent for repair, after having been worn by 
the owner in paying one casual visit to a small-pox hospital 
ward, in which also he was careful to avoid actual contact 
with the patients and furniture. The difficulty of tracing in- 
fective contact is well known to all who have had much per- 
sonal experience of small-pox outbreaks ; it is also a matter 
of common knowledge with such persons, that the more 
careful and detailed the investigation the greater the pro- 
portion of cases in which such contact can be clearly traced. 
Where special inspectors are employed to deal with 
small-pox contacts, it is often found that sources of in- 
fection are ultimately brought to light which have been 
missed and undreamed-of at the first inquiry, although 
perhaps such inquiry may have been most carefully and 
systematically conducted by an experienced medical man. 
The inspectors frequently gain the entire confidence of the 
people among whom they work, and thus obtain .clues 
which might otherwise escape the most vigilant search. No 
one, I think, will call in question the hona fides or scientific 
expertness of Local Government Board inspectors like 
Dr. Buchanan and Dr. Reece, or some other recent aerialists ; 
but all Medical Officers of Health who have had much 
experience in the investigation of local small-pox outbreaks, 
will, T think, agree with me that many important facts 
must almost necessarily be hidden from these gentlemen 
which would, in all probability, come readily to the know- 
ledge of the local sanitary inspectors. Even two medical 
experts agreed upon the main issues like Drs. Buchanan and 
Thresh, making almost simultaneous investigations in the 
Essex-shore outbreak of 1901-1902, arrived at different 
conclusions, so far as their estimate of the possibilities of 
personal contact was concerned. In a recent case, too, tried 
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in the High Court, one medical witness adduced as evidence 
of air-carried infection certain cases of small-pox which 
were shown by another to have arisen by contact with 
previously known cases. 

It is, I think, extremely probable that much of the 
infection in the Essex-shore outbreak of 1901 and 1902 
was carried out of East London by dock and other labourers, 
travelling by road, rail, and river, to and from their work. 
I may instance an occurrence in my own neighbourhood, 
which illustrates how readily infection may thus be spread 
without necessarily attracting attention in the process. At 
the end of March, 1904, an outbreak of small-pox occurred 
at Arley, near Nuneaton, ii^ Warwickshire, among some pit- 
sinkers there. The disease was not recognised at Arley, 
and several of the patients whose homes were in the neigh- 
bourhood of Nottingham returned there in a highly in- 
fectious condition to be nursed. We were fortunate enough 
to discover and secure the isolation of these patients ; but, 
had we not done so, an extensive further outbreak might 
have occurred, and in the absence of information about the 
Arley cases, the source of infection in the Nottingham 
district would have been open to various explanations. 

In looking over the zone maps, we find that on the 
prevailing-light-wind theory of spread, such wind must 
have been of very variable direction in most recorded cases. 
In two of Dr. Buchanan's instances, an east and a west wind 
are respectively necessary to explain the special incidence 
observed on this hypothesis. Much has been said on the 
subject of so-called negative evidence, with special reference 
to the question of its significance, but no agreement seems 
to have been arrived at. Now, without going the length 
of Haygarth in his discussion with Waterhouse, and saying 
that negative is practically destructive of affirmative 
evidence, we must all agree that it serves pro rata as a 
diluent of it ; and if no evidence of aerial convection could 
be found by the Local Government Board in the case of 
four-fifths of the small-pox hospitals in use in this country ; 
and if, as was cei'tainly the case, the general circumstances 
of many of these were apparently identical with those 
having a positive record, then surely we are justified by 
such facts in asking whether it is not probably some 
factor more variable than the atmosphere surrounding the 
hospitals which is productive of the difference. 

A distinguished judge to whom the problem was in- 
cidentally submitted, in a recent case tried in the High 
Court, insisted upon taking a broader issue, ignoring th© 



222 THE SPREAD OF SMALL-POX. 

atmospheric question. Looking at the matter logically, he 
said : — " The conclusion that all hospitals are sources of 
danger doea not necessarily follow from the premise that 
some are such" — with which proposition we must all agree 
. — and then went on to add that, apart from the logical 
question here involved, so-called negative evidence was 
p,vailable to more than outweigh the positive statements on 
the other side. So much for a layman's view of the case. 
, While speaking of negative evidence, I cannot forbear 
giving a recent example of it from my own experience. 
During the past two years, it has been my practice to nurse 
all severe cases of small-pox occurring in Nottingham, in 
the open air, or rather, in bell-tents with open sides. 
About twenty of these cases have been so treated at our 
Bui well Forest Hospital during this time. The patients 
have been placed within some 85 ft. of a road along which 
about 1000 coal-and-iron workers, and other persons, pass 
daily on their way to and from their work. The direction 
of the prevailing wind (south-west) is from the tents across 
the road at an angle of about 45 deg. One only of these 
1000 habitual road-passengers contracted the disease, and 
he apparently became infected by contact with a case near 
his own house, at a distance from the hospital. 

The actual Toodua operandi of hospital influence in pro- 
pagating small-pox — when it occurs — is often stated to be 
immaterial ; so far, at least, as administrative interests are 
concerned. This, however, is obviously incorrect, for if the 
risk of aerial spread is real and serious, then small-pox 
hospitals must be remotely isolated ; whereas, if the prin- 
cipal risk is from lax administration and the like, all that 
is necessary for reasonable safety is to secure a site in a 
sparsely-inhabited district, and look carefully to the sub- 
sequent management of the institution and its inmates. 

Dr. J. Thresh : The subject of the aerial conveyance of 
the infection of small-pox has so frequently been discussed, 
that it is practically impossible to advance any fresh argu- 
ments either for or against ; but there is no doubt in my 
mind, that the recent inquiries made by Drs. Reece and 
Buchanan, with reference to the Gateshead and Liverpool 
small-pox hospitals, have strengthened the evidence in 
favour of air-spread infection. At the same time, I am 
also convinced that those who refuse to accept the evidence 
in connection with the outbreaks which occurred in London, 
and, more recently, in Essex, when the London small-pox 
hospitals were moored in the Thames, will not have their 
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opinions altered by the experiences of Liverpool and 
Gateshead. I regret exceedingly that those who seek to 
explain the unusual incidence of small-pox, around large 
hospitals receiving acute cases, rarely produce evidence 
showing that they have thoroughly investigated the inci- 
dence of the disease in such cases, and have found that 
there was no excessive prevalence near the hospitals. This 
is the only kind of evidence which, in my opinion, can 
have any weight. Statements to the effect that no ex- 
cessive incidence has been noted are freely made, but 
rarely supported by evidence. For example, it has often 
been stated that the hospitals at Liverpool had no effect 
upon the residents around ; yet, when carefully investi- 
gated by Dr. Reece, he had no diflSculty in showing that 
they were foci from which the disease was spread. 

My further experience in connection with this disease, 
and further inquiries with reference to the effect of the 
hospital ships, only tend to confirm the opinion that the 
mateHes morhi of small-pox is conveyed in some way 
through the air, and may be so conveyed for considerable 
distances. At the time I communicated my Paper on the 
Essex epidemic to this Society, I mentioned that I was 
watching with interest the effect of the West Ham Hospital, 
situated in Dagenham parish in the Romford Rural District, 
which was then being filled with cases from West Ham 
and the surrounding towns. I had not long to wait, 
as cases speedily cropped up in the village and amongst 
the more scattered population around ; and, although 
little diflSculty was experienced in stamping out the 
disease in such densely-populated localities as West and 
East Ham, it could not be stamped out in this rural 
area, until the epidemic had practically ceased in the 
towns sending cases to the hospital. Myself and assistants 
inquired into the origin of all the cases around, and found 
a much larger proportion which could not be attributed 
to contact than was the case elsewhere. I kept a spot 
map, and at the termination of the outbreak found that the 
area round the hospital had suffered far more severely 
than any other part of Essex, save that near the hospital 
ships. In Dagenham, the parish surrounding the hospital, 
the attack-rate was 8 per 1,000 population ; in two parishes 
to the south-east, lying between the small-pox ships and 
the West Ham Hospital, it was 25 per 1,000 ; in the parish 
adjoining Dagenham (Hornchurch), it was 3.75 per 1,000 ; 
and, in the remaining parishes of the Romford District 
only two cases occurred. The two parishes with the largest 



II 

II 

I* 



224 THE SPREAD OF SMALL-POX. 

proportion of cases were between two fires : exposed to the 
virus from the ships with the wind in one direction, and to 
that from the land hospital with the wind in another. The 
outbreak in Dagenham and Homchurch, the parishes sur- 
rounding the West Ham Hospital, commenced when some 
forty to fifty cases had been received in the hospital, and 
continued for a month after the rapid subsidence of the 
epidemic in West Ham. Altogether, 123 cases occurred in 
the Romford Rural District, distributed as under : — 

In Rainham and Warmington, be- 
tween the London and West Ham 
Hospitals ... ... 48 cases = 25 per 1,000 population. 

In Dagenham (where the West Ham 

Hospital is situated)... ... 49 „ =8. „ 

In Hornchurch (the next parish) ... 24 „ =3.75 „ 

In Havering, Upminster, Oanham, 
and Corbetley ... ... 2 „ = .8 „ 

I could find nothing which could possibly explain this dis- 
tribution, save the position of the small-pox hospitals. 

Dr. G. Reid: That a small-pox hospital situated in a 
populous locality is, to some extent, a source of danger to 
the inhabitants is generally admitted, although all are not 
agreed as to the cause of the danger or its extent. In 
dealing with this question in his Paper, Dr. Buchanan fails 
to convey the impression that he has approached the 
subject with an unbiassed mind ; in fact, he passes over in a 
few sentences the opinions of those who do not accept the 
theory of aerial convection as being proved. Indeed, in 
reading his Paper (I was not present at the meeting at 
which it was read), one can hardly avoid the impression 
that bias causes him to treat the opinions of those who 
differ from him rather with ridicule. The following quota- 
tion, having reference to the evidence which, according to 
Dr. Buchanan, some observers require in proof of the theory, 
I think indicates that this is so : — "... they appear 
to claim that aerial convection, if it occurs to all, must, 
during an epidemic, afiect every house and every institution 
near the hospital. They are not content with a house- 
visitation rate of 5 per cent. ; they demand that it should 
be 100 per cent. Having made that demand, they usually 
point to the escape of the 95 per cent, as evidence that 
aerial convection has not being operative." 

While not accepting the aerial convection theory as 
being proved, my opinion is not based upon any such 
ridiculous proposition, but is the outcome of ray own ex- 
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perience, and the experience of many others whose views 
are entirely disregarded in the Paper in question. Dr. 
Buchanan admits that there may have been examples of 
towns suffering from small -pox during 1900-04, where the 
facts proved to be negative as regards " hospital influence ;" 
but, at the same time, he expresses his regret that he was 
unable to find them. It would be interesting to know 
what steps he took to discover such cases. Can it be 
possible that he had not heard of the Nottingham Small- 
pox Hospital action, which occupied the attention of a 
High Court Judge for five or six days, and in which 
numerous experts gave evidence both for and against the 
aerial convection theory, based upon previous as well as 
recent experience ? Further, among the experts on that 
occasion whose evidence negatived the theory was Dr. Hope : 
who, in support of his opinion, instanced his recent 
experience in Liverpool during the same epidemic as that 
upon which Dr. Reece formed a diametrically opposite 
opinion regarding " hospital influence" and the aerial spread 
of the disease. Why should Dr. Recce's report receive full 
recognition and acceptance, and Dr. Hope's opinions be 
entirely disregarded, in Dr. Buchanan's Paper ? 

The subject is admittedly a complex one ; expert opinion 
at the present time is probably equally divided regarding 
it ; and the solution of the question will not be arrived at 
by discarding all arguments which do not fit in with one's 
preconceived theory, whatever it may be. 

Personally, having regard to the nature of the contiagion, 
I should have no diflSculty in accepting the aerial convec- 
tion theory, were it not that my own experience does not 
substantiate it ; and when I find that the opinions of others 
who have had quite exceptional opportunities of judging 
as to the truth of the theory agree with mine, naturally I 
feel that my opinion is strengthened. The position as it 
presents itself to me is, that, while one must accept the 
fact that there are instances of *' hospital influence," they 
probably can all be accounted for otherwise than by the 
aerial convection theory. On the other hand, there are 
many instances on record in which, while the circumstances 
have been peculiarly favourable to extension by aerial 
convection, no such extension has, as a fact, taken place ; 
therefore, one cannot but question the accuracy of the 
theory. To my mind it is diflScult, to say the least of it, to 
accept the theory in the face of often repeated negative 
experience in the case of hospitals situated in populous 
centres, surrounded by imperfectly- vaccinated communities ; 
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and where, for many months at a time, and under all 
conditions of weather, acute cases of small-pox in consider- 
able numbers have been under treatment. 

I differ from Dr. Buchanan, and some others, regarding 
the comparative value of positive and negative evidence 
of " hospital influence" in such circumstances, as bearing on 
the question of aerial convection. By negative evidence 
we can, at any rate, prove that under conditions said to be 
favourable to aerial convection, such, as a fact, has not 
taken place ; whereas, while positive evidence of " hospital 
influence" is no doubt met with in some cases, there are 
causes other than aerial convection to account for this ; and 
because we cannot always prove that such causes have been 
in operation, this does not necessarily entail the acceptance 
of the aerial convection theory. 

Like many others who now are sceptical regarding the 
theory, at one time I was a believer in it ; but, as I have 
said, experience has caused me to doubt its accuracy. 
Without going minutely into detail, I would mention 
shortly what that experience has been. 

We have seventeen small-pox hospitals in Staffordshire, 
with a total of 309 beds, serving a population of about 
1,000,000 ; and I have records of fifty-seven distinct 
occasions on which the hospitals have been in use, the 
total number of cases isolated being 1,225. 

Most of these hospitals are by no means well adapted for 
their purpose; and, from the point of view of aerial 
convection, they may be said, as a rule, to be dangerously 
situated. Only one complies with the Local Government 
Board's requirements as to distance from populations. 

The following are the special features of the hospitals in 
this respect : — 

In four cases the hospitals actually adjoin scarlet-fever 
hospitals; in two cases the hospitals are within 100 and 
150 yards respectively of workhouses ; in eight cases the 
hospitals are within 100 to 300 yards of populous centres ; 
in eight cases the hospitals may be said to be actually 
surrounded by groups of houses. 

Notwithstanding the above facts, I can confidently state 
that on none of the fifty-seven distinct occasions on which 
these hospitals were in use has a single case of sraall-pox 
occurred which, by any possibility, could be attributed to 
aerial convection from the hospitals. In one instance (the 
only one which occurred) an attack of small-pox was traced 
to one of the hospitals ; but the patient, who was a road 
man, had been working for a week or two on the road 
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adjoining the hospital ; and it was conclusively proved that 
he had frequent conversations with the patients, and had 
been in direct contact with some of them. This occurred 
at a time when the hospital was greatly overcrowded and 
understaffed, and the single protecting fence did not con- 
stitute a sufficient barrier against communication with the 
hospital from the outside. 

I may mention that from this case others arose before 
the disease was recognised; and, had the origin of the 
first co/se not been traced to direct contact, aerial convection 
would no doubt have been credited with the occurence. 

Possibly it may be suggested that some of the hospitals 
referred to may have had too small a number of beds to 
justify much weight being attached to the absence of 
evidence of aerial convecjjion ; and, as I have no desire to 
attach more weight to my argument than the facts warrant, 
I have grouped the hospitals as follows, to show the actual 
number of beds. It must be remembered, however, that 
overcrowding frequently happened, and larger numbers of 
cases were admitted than the number of beds warranted: 
temporary provision being made for their accommoda- 
tion : — 

No. of Beds. No. of Hospitals. 

5 to 10 ... ... ... / 

12 to 16 ... ... ... 4 

17 to 22 ... ... ... 4 

60 ... ... ... ^ 

17 

Dr. R. D. Sweeting: Whilst generally agreeing with 
Dr. Buchanan in his conclusions, I think that there is 
danger of overstating the case for aerial convection, by 
assuming that graduated intensity of infection around a 
small-pox hospital per se necessarily connotes aerial con- 
vection. In this connection, I cannot do better than 
reproduce the conclusion of the Royal Hospitals Commis- 
sioners of 1882 on this point. They say, on p. 26 of that 
Report : — 

" One point appears to have made so much impression on several important 
witnesses that it should be specially noticed. Mr. Power himself clearly 
perceives, and fully admits, that the graduated distribution of disease around 
the hospitals, which is so remarkably illustrated in his report, is as explicable 
by personal i3ommunication as by atmospheric dissemination. With 8%tch a 
hypothesisy he says — meaning that of dissemination — equally as with a hypothe- 
sis of conveyance by human movements^ the gradation of hospital influence from 
centre to periphery would he in complete accordance. The admission is so 
material that it ought to be developed. Let us replace the image of a wave, 
which is suggestive of one hypothesis, by an image equally appropriate, but 
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adju8t«d to the other. Instead of an expanding wave, let us imagine a 
number of converging and diverging lines of infection. It is plain, in the first 
place, that along these lines — the lines of hospital communication — ^the in- 
coming and outgoing of persons and things would offer more occasion of 
disease wherever these persons or things were likely to pause in their route, 
and by consequence more in the immediate neighbourhood of the hospital 
than farther off. But disregarding this effect of propinquity, and supposing 
that one quarter of a mile is as fruitful in occasions of contact with the 
carrier of infection as another, let us imagine that, on the different lines of 
communication which radiate to and from the hospital, infection is shed 
equably along the whole of their courses, and is represented on a diagram by 
black lines, varying in breadth according to the amount of infection which is 
dispersed, and in length according to the distance along which it is carried. 
It does not need the actual inspection of such a diagram to perceive that the 
effect of these lines in blackening each successive hospital ring will constantly 
increase as they close in on the centre ; or, in other words, that the converging 
incomings and outgoings of the hospital would produce exactly the * graduated 
intensity of infection,' from which, prior to reflection, we are tempted to infer 
an expanding wave. The argument is capable of arithmetical statement, and 
it would be easy, if it were worth while, so to exhibit it." 

It is, therefore, clear to me, following this able and lucid 
statement of the Commissioners, that all that graduated 
intensity from centre to peripherj^ of the mile circle around 
a small-pox hospital shows is hospital influence. But this 
may be aerial or administrative ; and, therefore, it comes 
to this : that every instance of alleged spread from a small- 
pox hospital must be taken on its merits and fully inves- 
vestigated, before it can be said that aerial convection is 
fully established. Mr. Power did this in his 1884 Fulham 
Inquiry, when he conclusively eliminated administration. 
Dr. Buchanan has done this also to a lar^e extent in reg^ard 
to Gateshead and Purfleet ; whilst in the Liverpool case of 
Dr. Reece, though administration is not formally excluded 
in the Report, this mode of spread was expressly eliminated 
by Dr. Hope, the Medical Officer of Health, whose position 
in this respect was taken as a postulate at the outset of the 
investigation. In brief, where you have graduated inci- 
dence from centre to circumference around a small-pox 
hospital, you must, by inquiry and reasoning, eliminate 
administration before you can prove — or even suggest with 
any force — aerial transmission. The graduated intensity of 
itself does not prove conveyance of small-pox infection 
through the air. 

I cannot accept the view that the immunity of the 
district around Clayton Vale Hospital was due to the 
carbolic oiling of patients : for this reason that, at Fulham 
in the 1880-1881 epidemic, this was carried out to a 
large extent as matter of routine ; whilst in 1884-1885, at 
the same hospital, when the numbers were expressly 
limited to a dozen or so, the oiling process was carried out 
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very fully and thoroughly. Masks, too, were often used, 
e.g., of various substances, intended to prevent pitting. I 
cannot but think that the non-spread of small-pox from 
this hospital was rather due to non-aggregation of acute 
cases and paucity of susceptible material around the 
hospital. At any rate, it is a negative instance only, and 
of little value one way or another. 

Finally, my experience at Fulham in 1884-85, when 
small-pox and fever were treated at one and the same time, 
on opposite sides of the hospital, and separately adminis- 
tered, is opposed ^o Dr. Ker's at Edinburgh. Cases of 
small-pox repeatedly cropped up in the scarlet-fever wards 
amongst imperfectly- vaccinated children ; and it was only 
by re-vaccinating promptly all scarlatinal cases directly 
their temperatures dropped, that control was enabled to be 
exercised over these manifestations. Here, again, though 
aerial convection was highly probable, administration could 
not be altogether eliminated; for, in spite of elaborate 
precautions, I was accused of introducing small-pox into 
the fever wards, being the only person who visited both 
parts of the hospital. 

Professor Kenwood: The impression left upon my 
mind after the perusal of Dr. Buchanan's Paper was one of 
appreciation of the able manner in which he had handled 
certain facts, in an endeavour to make them prove his case 
for the distal aerial convection of small-pox. He even 
went to the extent of using the negative instance of hospi- 
tal influence at Manchester as an argument in favour of 
this theory, without stopping to consider whether the pre- 
cautions adopted in that hospital did not also operate 
against the dissemination of the disease by human agency. 
All must acknowledge that, in some recorded instances, a 
small -pox hospital has been the centre of a zone of excep- 
tional incidence, and that this incidence has in some cases 
been graduated. The real point at issue is as to how the 
graduated zone of incidence, which is aometiTaea observed, 
is best accounted for. In the opinion of many of us, the 
manifold channels of direct and mediate infection through 
human agency offer the most acceptable explanation of all 
the hitherto-recorded facts. 

In seeking for the true explanation of the nature and 
extent of hospital influence, it is necessary to keep in mind 
the facts that it frequently does not exist at all ; that small- 
pox epidemics are generally characterised by the establish- 
ment of series of zones with graduated incidence, quite 
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irrespective of the locality of small-pox hospitals ; and that 
the zone near the hospital is generally inhabited by the 
poorer section of the community. Small-pox hospitals are not 
placed in good-class residential districts ; and the conditions 
of life, of housing, and of vaccination, among the poorer 
people, lend themselves to an increased incidence of the 
disease. It is the experience everywhere that the poorer 
part of the community suffers from small-pox generally 
two or three times more than the better-class part ; there- 
fore, is it fair to compare the incidence upon a broad 
hospital zone with a one-mile radius (and, therefore, over 
three square miles in area) with that of the rest of the 
town, which includes the better-class residences and 
residents ? 

Although there is a tendency to exaggerate the true 
extent of hospital influence, I have no doubt that it has 
been in existence in some cases. But the fact remains that 
for every instance of alleged hospital influence it is easy to 
produce at least one instance (I believe I could produce 
two) where no such influences existed. That circumstance 
seems to me to tell most strongly against the theory of 
distal aerial convection. The aerial convectionists appre- 
ciate this difficulty, and they meet it by surmising that the 
favourable conditions for aerial convection are rarely in 
operation. Well, from the scant meteorological informa- 
tion to be gleaned in different epidemics, I have observed 
that at the time when .aerial infection is claimed to be in 
operation, the most diverse atmospheric conditions have 
prevailed, such as high winds, low winds and calm ; clear, 
blue sky and fog ; keen frost and high mean temperature. 
Dr. Savill has shown that at Warrington the incidence of 
the disease was not greatest in the direction to which the 
prevailing winds blew ; and Dr. Newsholme, in criticising 
the Liverpool experience, points out that the prevailing 
winds must have been blowing in opposite directions at the 
same time, if they were instrumental in carrying small-pox 
infection to two of the hospitals which are alleged to have 
shown hospital influence. It is to my mind preposterous to 
tell us that the infection can be carried for a mile, but that 
the necessary atmospheric conditions in our ever-changing 
climate may be unfavourable for the period of nine months 
after acute cases are admitted to the hospital (as at Liver- 
pool); and that it may not come into operation at all through- 
out the whole epidemic, in at least as many instances as it 
does do so, even where (to adopt Dr. Buchanan's favourite 
formula) " there is no evidence" of any diffierence as to 
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vaccination among those who occupy the mile-zone and 
those who live beyond it. Surely, if the theory is true, the 
operation of cause and eflFect should be observable in every 
case where a fair opportunity is presented for the experi- 
ment. Dr. Buchanan's travesty of our position in the 
matter has been referred to by Dr. Newsholme. Nobody 
in his senses maintains that every individual within the 
mile-zone should catch small-pox ; but we do say that some 
of the susceptible people should do so in every instance 
where the hospital is occupied by many acute cases for many 
months. This is what I understood Mr. Justice Farwell 
argued in the Nottingham case ; and, if so, Dr. McVaiFs 
criticism is unjustified, because it is based on the assump- 
tion that the learned Judge's argument that a negative 
instance unexplained spoilt the chain, had reference to 
infection from an individual, instead of to a negative 
instance of distal aerial convection from a small-pox 
hospital. 

The operations of human intercourse are often untrace- 
able, and they necessarily vary with the eflSciency of the 
hospital administration. It is never practicable to exclude 
all the possibilities of mediate infection due to human 
intercourse ; and those of us who have had much experience 
of small-pox appreciate how difiicult it is to define the set 
of conditions which may determine the spread of infection ; 
and we have had many opportunities of noting how the 
element of chance appears to come in : so that on two 
occasions, which appear to be comparable in every respect, 
the infection gets a hold in one case and fails to do so in 
the other. Some of the arguments advanced appear to 
suggest that because you cannot trace the human agency 
(direct or mediate) in the spread of infection, aerial spread 
is the only possible explanation. Well, during my thirteen 
years' experience as a health oflBcer, I have not succeeded 
in tracing the channel of infection in quite one-fourth of 
the cases of scarlet fever, diphtheria, and other communi- 
cable diseases that I have investigated. Am I to console 
myself for my failure by such a theory as that of distal 
aerial convection ? Faulty administration, the wilful with- 
holding of information, accidental contact with unrecog- 
nised (and, therefore, never known) cases, imported infec- 
tion, and the many circumstances favouring spread which 
obtain most among the poorer classes, all combine to account 
for small-pox hospital influence. When I hear anyone 
denying the possibility of leakages and of breaches of 
hospital regulations, I envy him his faith in things human ; 
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and I think of the simple faith that once was mine, and 
which has been so mdely shaken by my subsequent 
experiences of hospital administration. 

Dr. Buchanan asserts that there is " no evidence" that 
personal communication between the hospital and the 
quarter of a mile zone is greater than that between the 
hospital and the more distant zone. It is difficult to believe 
that he states this seriously. The hospital is the centre, 
during an epidemic of a large amount of traffic (ambulances, 
visitors, staff, workmen, tradesmen, etc.), which convei^es, 
and therefore becomes more and more intensified in each 
successive zone as the hospital is approached. I see no 
difficulty in accepting this circumstance as the explanation 
of the graduated incidence which is sometimes observed ; 
especially when it is borne in mind that the communication 
with the hospital staff is always greatest nearest the hospi- 
tal Despite what Dr. Buchanan asserts, we generally, in 
my experience, draw some of our staff from very near the 
hospital; and, in respect to this point. Dr. Goodall has 
forwarded me the following statement : — 

" I think it is somewhat strong to make a general statement that hospital 
staffs are not recruited from the neighbourhood of the hospitals. I am sure 
that this cannot be said of the fever hospitals of London, except with respect 
to the nursing staff. At Homerton, at any rate, a considenible number of the 
ward-maids, laundry- maids, porters, etc., come from the immediate vicinity of 
the hospital. Even if they have not relatives, they have friends quite close to 
it. And these classes of staff all come in close contact with infection in the 
hospitaL 

''Of recent years the Asylums Board, in order not to maintain a too numerous 
staff, have systematically transferred members of the staff from one hospital 
to another. I have had many such at Homerton from other hospitals of the 
Board. Now, it is quite common for these people to resign after being with 
us for a few weeks ; and a frequent reason given for resignation is : ' This 

hospital is too far from my home ; and I want to go back, if possible, to 

Hospital, because my friends live near it.' 

" In epidemic times a staff usually has to be got together in a hurry ; and 
it would be extremely inconvenient, if not difficult, with respect to these 
lower grades of the staff, to make sure that applicants from tiie immediate 
vicinity of the hospital were excluded." 

Before the theory of aerial convection is accepted there 
should be unequivocal evidence of its soundness, because of 
the momentous issues which are involved in its acceptance. 
It should be demonstrated that the usual methods of spread 
of infection can be excluded (if that is possible) ; that the 
number of homes in which the infection cannot be traced 
to the usual channels diminishes with the distance from 
the hospital; and that the localised outbursts within the 
hospital mile-zone are always to be observed when there 
are many susceptible persons living for several months near 
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a hospital containing many acute cases. ' It is not permis- 
sable to lump together all the infected houses, whether they 
have been infected by human intercourse or not, and claim 
that the results prove aerial convection, when they at most 
only indicate the origin and spread of the infection. How 
such a practice may mislead has been alluded to by 
Dr. Hope ; and Dr. Clayton (the Medical OflBcer of Health 
of Gateshead) claims that of the 56 cases within half-a-mile 
of the small-pox hospital, the infection was traced to human 
agency in all but four cases. 

Dr. Reece's excellent slide demonstration showed us a 
long latent period of some nine months, during which 
patients were admitted to the Priory Road Hospital at 
Liverpool before any marked incidence occurred in the 
neighbourhood. Prior to this, there was a localised out- 
break in a crowded area in the heart of the city, and from 
this centre the infection spread towards the hospital zone ; 
and there, among " a slum population," it lingered and 
persisted. Moreover, the increased incidence in the hospital 
zone was synchronous with excessive incidence in the other 
hospital areas, and in Liverpool outside the hospital areas ; 
and the incidence of small-pox upon the Parkhill Hospital 
area had set in shortly before the hospital commenced to 
receive patients. This does not appear to me to be very con- 
vincing evidence even of hospital influence, much less of 
aerial convection. 

An argument adduced by Dr. Niven against human 
agency being the explanation of the mode of conveyance of 
infection from a small-pox hospital is, that he regards the 
infection of contacts as unusual and difficult. My experience 
on the whole supports this, although I have known several 
instances which point to the opposite conclusion ; but the 
patient, before he gets into the hospital, has often the acute 
stage well developed ; and the circumstance that so many of 
those who come in contact with him escape infection, 
though not protected by vaccination or re-vaccination, 
appears to me to tell against the theory of distal aerial 
convection. If the striking power of the infection is 
limited so near its origin, is it likely to be operative when 
more diluted and at the distance of a mile ? 

Hutchison's experiments with B, prodigiosus sprayed 
into the air of the parade ground at Gottingen, and recovered 
nearly 2,000 ft. away, is a remarkable one, but I do not see 
that it is any argument in favour of the distal aerial con- 
vection of small-pox. Assuming the observation to have 
been made with all the necessary control experiments (for 
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prodigio8U8 is commonly found in air), how long did it take 
to cover the distance of one- third of a mile ? Under an 
hour, I believe : not nine ^months ! 

It is contended that because you do not get hospital 
influence in scarlet fever, and you do in small-pox, there 
must be some material difference in the quality of the 
infection of the two diseases. The contention is reasonable, 
but it tells no more in favour of distal aerial convection 
than of the alternative view. 

A most interesting discussion has resulted in some new 
light being shed, and some fresh arguments adduced, on 
both sides. It is sincerely to be hoped that when further 
opportunities of testing this matter occur, the fullest 
advantage will be taken of them, and that the inquiry will 
be conducted in a scientific spirit and devoid of all bias. 
Meanwhile, I contend that the theory of distal aerial convec- 
tion has never been justified by the data which have hitherto 
been adduced in support of it ; and that is the reason why 
it does not appeal to the general body of Medical Officers 
of Health or to His Majesty's Judges. 

Dr. Wellesley Harris : I listened with considerable 
interest to the discussion raised by Dr. Buchanan's Paper 
on this important subject ; but could not find anything in 
the statements of the speakers who so forcibly ridiculed its 
possibilities to, in any way, explain how various extensions 
of the disease which had come under my observation could 
have occurred except by aerial convection. 

The examples to which I would refer occurred during 
the period — nearly twelve years — I was Medical Officer 
for the borough and port of Southampton. 

For several years the borough relied upon two private 
houses situated in the poorest quarter of the town, which 
they had converted into what they were pleased to term a 
Small-pox Hospital ; and it was found that when four or 
five cases only were isolated the disease did not spread in 
the neighbourhood, but whenever a large number of cases 
were housed in the hospital at the same time, the disease 
quickly showed itself among the residents of the streets in 
the immediate vicinity. 

Now it is an important fact that in the years 1891, 1892, 
1893, and 1894, the first cases of small-pox in Southampton 
were all imported by ships, most frequently from the West 
Indies and the River Plate ; and in those instances where 
cases occurred in the town they were subsequent to the 
isolation of a number of cases from ships in the Hospital. 
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The question of contact by outside people with the staff 
can be absolutely disregarded. Special arrangements were 
made for delivery of food, by which tradesmen were pre- 
vented from coming into contact with the staff. The 
nurses and the other staff consented to forego " leave," and 
refrained from entering the town while cases were in the 
Hospital, special arrangements being made for their recrea- 
tion by means of boating, access to which was gained by a 
private landing-stage at the rear of the Hospital. 

So strong was the opinion that the Hospital was re- 
sponsible for the repeated extension to the immediate 
neighbourhood, that a floating hospital was provided for 
the isolation of small-pox cases, and the land hospital 
abandoned. 

It is strange if it should be by mere coincidence, 
after the establishment of the floating hospital on the 
broad estuary of Southampton Water, some two miles from 
the town, that no further extension of small-pox to the 
town occurred from imported cases ; and in one instance as 
many as sixteen cases of a severe variety were removed 
from one ship. 

I think the arguments used by one speaker. Dr. Hope, 
and the spot maps entirely fallacious. To merely spot out 
positions in which cases of small-pox have occurred in a 
town, and to draw circles and say that if small-pox hospitals 
had existed in those districts they would have been blamed, 
seems to me an unreasonable argument. 

I also fail to see the force of a statement which was 
made by one speaker that, in regard to the aerial con- 
vection of small-pox he took up the position of an agnostic, 
and would not believe it until it was proved. Surely, 
rather the reverse position should be taken, and aerial con- 
vection believed until disproved. This is the view I think 
the speaker would adopt with regard to other principles. 

Personally, I still believe that the aggregation of a 
number of cases, or severe cases, of small-pox in badly- 
situated hospitals leads to the spread of the disease by 
aerial convection to persons residing in the neighbourhood. 
Whether this be right or wrong, I don't think there can be 
any doubt that it must be an undesirable practice to estab- 
lish small-pox hospitals near populous districts. 

If this is agreed, what does it matter whether those who 
believe in aerial convection are right or wrong, as long as 
the public are safeguarded from the dangers which follow 
from what, I venture to think, is an improper form of 
isolation As far as I am personally concerned, far weightier 
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evidence than that which has been offered up to the present 
must be produced before I can alter the opinion which is 
ingrained in me by the experience I have had. 

Lieutenant-Colonel A. M. Davies : There seems to be 
a reluctance to accept the theory of aerial convection ; but, 
with a movement of air which is only just perceptible, a 
distance of one mile would be traversed in half an hour. 
Dr. Thresh showed that there had been a decided wind- 
prevalence, blowing from the Hospital Ships in the direction 
of Purfleet: to have been noticeable, this velocity must 
have been at least eight miles an hour, at which the dis- 
tance (three-quarters of a mile) would have been traversed 
in less than six minutes. If the air of a sick-room in 
which is lying a small-pox patient (or 100 such patients) 
contains infective material — as to which, I suppose, there is 
no doubt — why should we conclude that the infectivity of 
the particles in that air is lost six minutes, or even half an 
hour later, merely because it has been carried a few 
hundred yards, or even a mile or two ? With a distinct 
but not strong wind blowing in the given direction, the 
air, with its contained infected particles, would traverse the 
three-quarters of a mile in less than three minutes. An 
outbreak of enteric fever at Quetta, India, in 1898, was 
almost conclusively traced to air-borne infection, conveyed 
a distance of about 2000 yards by prevalent winds ; the 
contagium of small-pox is probably more resistant than 
that of enteric fever to sunlight and desiccation. 

The cliief argument against aerial convection, to my 
mind, is that adduced by Dr. Newsholme in reference to 
the Stockwell Hospital, where a spot map showed the usual 
concentration of cases towards it ; but only on one side, a 
railway on the other presenting no obstacle to aerial con- 
vection, but an insuperable barrier to human intercourse. 
In the Essex outbreak the Thames, through a barrier to 
human intercourse, did not impede the carriage of in- 
fection. Are there any other examples to corroborate that 
of Stockwell ? 

If Mr. Henman's device of filtering the air leaving a 
hospital ward, in connection with the Plenum system of 
ventilation, were carried out, small-pox hospitals would 
presumably be deprived of their dangerous characteristics, 
so far as aerial convection is concerned. Has this been 
practically tried anywhere? It would surely be worth 
while to make an experimental installation, which might 
settle the question. 



THE SPREAD OF SMALL-POX. 237 

Dr. J. T. C. Nash : I regret that the exigencies of time 
have prevented me from hearing any part of the discussion 
on Dr. Buchanan's able Paper. The general facts adduced 
by Dr. Buchanan have, to my mind, materially strengthened 
the " aerial convection " theory so ably advanced by 
Mr. Power. 

So eminent, however, are the authorities behind this 
theory, that there is a danger of its becoming blindly 
accepted as proven ; but the true scientific spirit recognises 
that the greater the authority the more necessary is it to 
subject all the particulates to keen criticism and unbiassed 
judgment. 

To criticise Dr. Buchanan's data in some detail : — 
Surely, the excessive incidence in the very large district 
of Orsett should hardly be ascribed to the influence of the 
Hospital Ships. Yet Dr. Buchanan compares the attack 
rate in the twelve rural parishes comprising the very 
extensive rural area of the Orsett Union, which was 18.5, 
and that of the urban district of Grays (a riverside town 
no less than three miles below the ships), which was 16, 
with the attack-rate in London, which was only 2 per 1000. 
Are the districts or conditions really comparable ? 
Dr. Buchanan and Dr. Thresh agree that the districts 
concerned were well organised to deal with small-pox 
in the way of isolation and disinfection; but how about 
that most important of all measures in the prevention 
of small-pox, viz., antecedent vaccination ? In the vac- 
cination returns for the county of Essex, recorded in 
the Thirty-First Annual Report of the Local Government 
Board, 1901-2, we find that nearly 50 per cent, of the 
children born since 1893 were unvaccinated in 1901. 
Anti - vaccination is notorious in this district, fostered 
by an anti-vaccination press. The number of re-vaccinated 
persons in the district must have been very small. Want 
of vaccination was, in my humble opinion, the chief reason 
why there was an exceptional incidence of small-pox in 
the Orsett district in 1901-2. 

With respect to the cases occurring among workmen 
employed in erecting a temporary hospital on the flats on 
the Kent shore, it is admitted that personal communication 
between members of the staff of the hospital ships and 
their workmen occurred. No further comment is there- 
fore necessary. 

With respect to cases of small-pox occurring among the 
crews of vessels which anchored in Long Reach, surely 
these could be more easily explained by surreptitious visits 
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ashore at Purfleet, Grays, Aveley, etc., than by the 
proximity of the hospital ships. In my own district 
a case of small-pox occurred in December, 1901, which 
I traced to a visit to a house in Aveley, in the Orsett 
Union, from which two cases of small-pox had recently 
been removed to hospital. 

In 1902, again, I had a case occurring in an unvaccinated 
girl, whose father, I ascertained on inquiry, had recently 
been working on the Kent flats, near Dartf ord. The father 
was vaccinated, but had carried home infection to his un- 
vaccinated child. The father was a disbeliever in vaccina- 
tion, and also seemed to have a contempt for common 
precautions. Judging by his statements, a fairly free 
communication took place between the workmen and small 
pox contacts. 

Finally, it is notorious that the Metropolitan Asylums 
Board permitted friends to visit patients on board these 
Hospital Ships with a freedom not above criticism. 

In view of the foregoing statements, I cannot agree with 
Dr. Buchanan that the incidence of small-pox in the Orsett 
Union, on the Kent shore, and on the crews of vessels 
anchored near the Hospital Ships, affords so much support 
to the aerial convection of small-pox as he and Dr. Thresh 
assume. 

On the other hand, in view of the undoubtedly greater 
contagiousness of small-pox and chicken-pox, as contrasted 
with scarlet fever, I am quite prepared to admit that, 
occasionally, a small -pox hospital may be responsible, to 
some extent, for aerial convection : more particularly when 
aided by those notorious germ-carriers — flies. 

Glancing at the tabular statement of Glasgow small-pox 
in Dr. Buchanan's Paper, one cannot but notice that in 
1894 the largest percentage of cases came from the central 
administrative district, and in 1895 from the west district ; 
so that the greatest incidence in two out of the seven years 
was not in the immediate proximity of the Small-pox 
Hospital in the east district. 

Dr. Clayton, Medical Officer of Health for Gateshead, has 
shown* that the great majority of cases occurring there 
could be traced to direct contact, and, therefore, these cases 
fail to support the theory of aerial convection. 

The Manchester evidence is directly negative. 

After reviewing Dr. Reece's Report on the behaviour of 
small-pox in Liverpool, Dr. Buchanan speaks of " hospital 

* JouT'nal cf the Royal Sanitary Institute^ vol. xxvi, No. 4, 
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influence," a much safer term than aerial convection ; but 
unfortunately, he swings back to the hypothesis of aerial 
convection as the explanation of hospital influence. For 
myself, apart from the agency of flies, I think the thesis of 
aerial convection is still not proven. 

Insect agency, human imperfections, and errors of ad- 
ministration, no doubt account for some instances of 
undoubted " hospital influence" ; and for these reasons I 
think the Local Government Board is wise in insisting on 
the isolation of a small-pox hospital. 

Further, there is reason for thinking that the infective 
agent of small-pox is a spore-forming protozoon, and there- 
fore capable of resisting adverse influences, such as fresh 
air and sunlight, to a greater extent than — for instance — 
the typhoid bacillus or the diphtheria bacillus, and the 
probably non-sporing bacterium of scarlet fever. 

Therefore, one would expect more frequent instances of 
the aerial convection of small-pox than of "the other chief 
infective diseases ; but while I am quite prepared to admit, 
on the grounds I have just named, that "hospital influence" 
is more likely to be met with in cases of small-pox than 
with the other infectious diseases, I still think that the 
majority of cases, occurring outside a quarter-mile or half- 
mile radius of any small -pox hospital, arise quite in- 
dependently of any hospital influence. 

Dr. Hamer : Dr. Buchanan has pointed out that at 
Felling and Purfleet " hospital communication and trafiic" 
were practically non-existent ; and that, none the less, excep- 
tional incidence of small-pox in the hospital neighbourhood 
occurred. Local peculiarities render these two instances 
particularly instructive ; but it may be observed generally, 
apart from special circumstances, that the fact that hospital 
influence continues to manifest itself with apparently 
unabated vigour under twentieth-century conditions, is in 
itself an important one. " Hospital communication and 
traflBc" at the present time, and in the 'seventies and early 
'eighties of the last century, are not one and the same 
thing. The mischief, if not altogether done away with, has 
at least been reduced within very narrow proportions by 
precautions such as are nowadays taken. Mr. Power, at 
Fulham in 1881, was able to set on one side this source of 
risk, as not in itself sufficient to explain the phenomena 
observed ; and in comparison with the difficulties presented 
then, those met with in the modern instances must be 
regarded as insignificant. 
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Another aspect of the Purfleet case, which was referred 
to by Dr. Reece, is deserving of study. The "hospital 
communication and traffic," which can be excluded from 
consideration in Purfleet itself, were operative, of course, 
mainly upon the population of London. Indeed, an experi- 
ment on a large scale has been in eflect carried out since 
1885 upon this population; for in London the influence of 
hospital communication and traffic, exerted during the last 
twenty years, can be studied almost entirely uncomplicated 
by any influences exercised by aerial convection. 

Sir Shirley Murphy's diagram, exhibited by Dr. Reece, 
shows that in precise and abrupt correspondence with the 
inauguration of the new departure of removing small-pox 
cases to Long Reach, small-pox ceased to prevail in London 
on the scale exhibited when the hospitals were within the 
metropolitan area. 

Dr. Bulstrode : Certain of the speakers have expressed 
the view that the remarkable graduation in the incidence 
of small-pox which has been observed on so many occasions 
around small-pox hospitals could on general grounds be as 
well explained upon a thesis of personal infection as upon 
a thesis of aerial convection ; the implication presumably 
being that the history of each case qud exposure to infec- 
tion, etc., must be carefully inquired into before any conclu- 
sion can be arrived at. Although this statement is in some 
degree true, it needs, I would suggest, material modification 
before it can be accepted in its entirety. The statement as 
it stands can only apply to those instances in which the 
topographical and social conditions around the hospital 
are such as to allow equal opportunities for personal 
infection in all directions: a circumstance which is but 
rarely found. A graduated intensity might perhaps be expec- 
ted as the result of personal infection on the main road of 
ingress and egress from the hospital, but not, I think, in 
quadrants ; wherein the streets could only be reached by a 
long and circuitous route from the hospital gates. It 
would not, I expect, be seriously contended that in the 
repeated outbursts around the Fulham Hospital the dis- 
tribution of the cases could be, d priori, as well explained 
by personal infection as by aerial means. 

Other speakers have implied their intention of not 
accepting aerial convection as a working hypothesis, basis 
and type, until it can be definitely proved. These are 
the agnostics, and doubtless the proof with which alone 
they will be satisfied may be long in coming. Logically, 
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however, these speakers are also agnostics with reference to 
the nebulous hypothesis, the atomic theory, and the undu- 
latory theory of light; and to be consistent they should 
refuse to take note of these theories in their endeavours 
to explain natural phenomena, to which, in the opinion of 
most physicists, these theories afford a key. None of these 
theories have yet been, or are likelj' to be, proved ; but 
those who refuse to accept them must surely find them- 
selves in a somewhat difficult position. 

The question with regard to aerial convection is not as 
to whether it has been proved, but as to whether, in the 
present state of our knowledge, it is the best working 
explanation of the peculiar phenomena which have been 
repeatedly observed around hospitals devoted to the 
isolation of 8viall-pox, but not around hospitals devoted to 
the isolation of other infectious diseases. No one has, so 
far as 1 am aware, offered any explanation of the fact that 
no special incidence of infectious disease has been observed 
around hospitals devoted to infectious diseases other than 
small-pox. Surely, if the behaviour of small-pox around 
small-pox hospitals can be in all instances explained by 
personal infection, it would be reasonable to anticipate 
that some such manifestation would be sometimes observed 
around hospitals devoted to other infectious diseases. 

Some of those who have been the most strenuous oppo- 
nents of aerial convection would appear, at any rate until 
quite recently, to have regarded this theory not only as 
improbable, but even as largely inconceivable, and they 
have lost no opportunity of casting ridicule upon it. To 
my mind, there are numerous facts which suggest not only 
its possibility but its probability. Indeed, I personally see 
nothing contrary to expectation (to quote Paley) in the 
theory, either on zoological, meteorological, or statistical 
grounds. To ask for proof is to place oneself beyond the 
range of criticism. What outbreaks have been conclusively 
proved to have been caused by any definite agency? Surely, 
it is almost always a question of degrees of probability. 

There would seem to be every reason, arguing on 
analogy, for assuming that the virus of small -pox is a 
micro-organism of more than ordinary resistance. Its 
high infectivity, and its admittedly long striking distance, 
would suggest that on these points this disease should be 
placed almost in a category of its own. Assuming, there- 
fore (upon evidence which surely most epidemiologists 
would accept), the special resistance of this organism, what 
is there to prevent its carriage by the wind, when mixed 

N. S. — VOL. xxiv. R 
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with other particulate matter, for distances with which the 
ordinary demands of the aerialist are but trifling. 

Darwin, in the Voyage of the " Beagle!* refers to the 
falling of fine dust upon the decks of ships far out in the 
Atlantic ; and some of the dust, which he himself col- 
lected, was found to consist, in great part, of infusoria, with 
siliceous shells, and of the siliceous tissue of plants. 

In five little packets which Darwin sent to Professor 
Ehrenberg, no less than sixty-seven different organic forms 
were found. Darwin adds : — 

" The infusoria, with the exceptiou of two marine species, are all inhabitants 
of fresh water. I have found no less than fifteen accounts of dust having 
fallen on vessels when far out in the Atlantic. From the direction of the wind, 
whenever it has fallen, and from its having always fallen during those mouths 
when the Harmattan is known to raise clouds of dust high into the atmosphere, 
we may be sure that it all comes from Africa." 

As regards the retention of the vitality of seeds when 
carried by one or another agency from one land to another, 
suggestive references will be found in the chapter on the 
geographical distribution of species, which is contained in 
Darwin's Origin of Species. Alfred Russell Wallace, in his 
Island Life, when writing on the dispersal of seeds, says; — 

" The seeds of plants are liable to be dispersed by a greater variety of 
agents than any other organisms ; while the tenacity of life under varying 
conditions of heat and cold, drought and moisture, is also exceptionally 
great. 

" An immense number are specially adapted to be carried by the wind, 
through the possession of down or hairs on membranous wings or processes ; 
while others are so minute, and produced in such profusion, thistt it is difficult 
to place a limit to the distance they might be carried by gales of wind or 
hurricanes." 

In the Quarterly Journal of the Royal Meteorological 
Society, January, 1904, vol. xxx. No. 129, there is an 
account by Mr. H. R. Mill, D.Sc, and Mr. R. G. K. Lemp- 
fert, M.A., of the great dustfall of February, 1902, the 
evidence pointing to the conclusion that the dust which 
was deposited so widely over the South of England was 
brought by the winds from the North-west coast of 
Africa. 

The nature of this dust was investigated by Mr. J. S. 
Flett, M.A., D.Sc, and it was found that — 

" Plant ddbris was very abundant : Vegetable hairs occurred everywhere 
often in great quantity ; fragments of epidermis and of cuticle, siliceous 

skeletons of the epidermis of grasses spores of cryptogams (either singly 

or in masses), spore cases, resting spores of fungi, hyphse and various 
unicellular or filiform, algae, were all to be found. Diatoms were not fre- 
quent — in fact, they were comparatively rare, as were also desmids. Many 
of the samples sent in a moist condition were full of bacteria." 



JHE SPBE14D OF SMAXL-POX. 243 

I have given these extracts, not because I wish to 
imply that small-pox can be carried over the long distances 
above referred to, but in order to furnish evidence pointing 
to the probability of the resistant seeds (vegetable organ- 
isms) of disease being carried with other particulate matter 
over, at any rate, a mile or so from hospitals. 

I doubt, however, after Dr. Buchanan's admirable Paper, 
whether much will be heard as to the iTripossibility of 
aerial convection. 

The following extract from the Lancet of July 23rd, 
1904, is also of interest in relation to the carriage of soot in 
the direction of the prevailing wind : — 

" Dr. William Butler, the Medical Officer of Health of Willesden, has made 
some iuteresting observations upon the smoke and dust nuisances in this 
district. Allegations were made as to the dust which was stated to come from 
the Metropolitan Electric Supply Works ; and, with the view of throwing 
light upon this question, Dr. Butler procured twelve boxes, each of the super- 
ficial area of one square yard and of a depth of six inches. The bottoms of 
the boxes were covered with glazed American cloth, to facilitate the removal 
of accumulations. These boxes were placed in the back gardens at twelve 
different sites, and in such a position that whatever was deposited in them 
from the atmosphere would be retained. This dust was collected every 
twenty-four hours and placed in labelled pill-boxes, and upon examination it 
was found to consist of black carbonaceous particles distributed among a 
much finer black powder. These particles consisted of * miniature cinders,' 
or the incomplete combustion of fine coal. Extraneous particles were, so far 
as practicable, separated and the coal dust was weighed, and it was found that 
substantial deposits were only to be found in those places which lay from the 
chimney in the direction of the prevailing wind, and the nearer the chimney 
was approached the larger was the quantity of dust collected." 

There is one instance illustrating graduated incidence 
around a small-pox hospital which appears to have escaped 
notice by many of us; and it was only quite recently, 
while looking through some old Reports of medical officers 
of health, that I discovered in the Annual Report for 1899 
of Dr. Wright Mason, of Hull, a diagram which illustrates 
the point in question. It will obviate any misunderstand- 
ing as to the purport of the diagram, if I abstract in full 
Dr. Mason's observations with regard to it. 

Referring to the Garrison Hospital in which the small- 
pox cases arising in Hull were treated, he says : — 

The accompanying diagram shows the percentage of houses of which one or 
more of the inmates were attacked by small-pox in the north-east, north-west, 
and south-west quarters, and in the various zones, taking the hospital as a 
centre. It will be observed that in the south-east quarter no cases are shown. 
The hospital was situated in close proximity to the river Humber, and in this 
quarter no houses intervened between the hospital and the river. Within the 
quarter- zone there were only some seven houses, and of these one was 
invaded. On account of the numbers being so small, it is not thought 
advisable to show the percentages and the zone. 

It will be noticed that in each quarter the percentage of houses invaded 

r2 
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becomes progressively less as the distance from the hospital increases, with 
the exception of the *' three-quarter mile" zone in the south-western quarter, 
which district is almost entirely occupied by docks, warehouses, and railway 
goods-stations. 

It may be pointed out that of the 305 days from March 2nd to Decem- 
ber 31st, the Meteorological Report shows the direction of the wind to have 
been from the south-west on 84 days ; and it will be noticed that the per- 
centage of invaded houses was much greater in the north-east quarter thnn in 
others, this being the direction in which the south-westerly wind would blow 
after passing over the hospital. The next more- prevailing winds were north- 
westerly, which occurred on 53 days, so that the number of days on which a 
south-westerly wind prevailed exceeded by 31 days the next most prevalent. 

Dr. Chalmers (Glasgow) has forwarded advance pages 
of his forthcoming Annual Report to the Corporation of 
Glasgow, and he has marked two paragraphs among those 
which deal with the recurrence of small-pox in Glasgow 
during 1903-4 as a contribution to this discussion. 

Interval of Freedom from the Disease. — Between August, 

1902, and September, 1903, only one case of indigenous 
small-pox occurred in Glasgow. This occurred in May, 

1903, in the wife of a seaman who himself had developed 
the disease a few days after his return from a voyage to 
Spain, and was in the eighth day of his illness before its 
nature was recognised, and removal to hospital took place. 
Two other cases, also in seamen, had occurred in January 
and February, 1903, but; with these exceptions, Glasgow 
was free from small-pox during the period already indi- 
cated. 

In September, 1903, however, it was introduced among 
the model lodging-house population on the south side of the 
river by a worker from Talla Water- works, and for several 
weeks at the beginning of the outbreak no cases occurred 
among the general population ; but, during November, and 
more particularly as December advanced, the general 
population of certain districts w^ere invaded, and, as the 
outbreak extended, its direction followed the main line of 

preceding prevalences. 

« * # * « 

Table III. — In this table the cases and deaths in each 
ward are shown, together with the attack- and death-rates. 
The ward populations stated are the means of the annual 
estimates, which are based on the number of inhabited 
houses in 1903 and 1904. It will be remembered that in 
the ] 900-2 outbreak, the attack-rate for the city was 2.3 
per 1,000 ; on the present occasion it was 1.5 per 1,000. In 
the earlier outbreak the attack-rate in the London Road 
Sanitary District was 9.97 ; in Barrowfield, 6.46 ; and in 
Calton, 4.24 per 1,000. By the adoption of the wards as 
sanitary districts, those of Dalmamock, Mile-end, and 
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Calton now represent generally the above-named districts, 
and here the attack-rate again is considerably in excess of 
that for the wards further distant from the hospital, or for 
the whole city, the figures for the wards just named being 
respectively 4.1, 3.7, and 1.7. Only one other ward presents 
an incidence corresponding to the higher rates here shown, 
viz , Broomielaw, where 25 cases occurred out of a popu- 
lation of 8,000, giving a rate of 3.04. But it should be 
explained that 12 of these cases were removed to hospital 
within one fortnight, and 10 at least were known to have 
been in association with a case of haemorrhagic small-pox, 
which had proved fatal, and had not been recognised as 
small-pox until the occurrence of the disease among the 
patient's friends. 

It must be remembered, however, that while the attack- 
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Number. 


Rate per 
Million. 


Number. 


Rate per 
Million. 


1. Dalmamock, Hos- 












pital in this Ward 


60,767 


208 


4,098 


20 


394 


2. Calton 


38,463 


66 


1,716 


4 


104 


3. Mile End 


43,174 


160 


3,706 


11 


256 


4. Whitevale 


33,432 


67 


1,706 


6 


160 


5, Dennifttoun 


33,378 


16 


449 






6. Spriugbum 


41,823 


37 


^ 886 


3 


72 


7. Cowlairs 


25,069 


7 


279 


2 


80 


8. Townhead 


39,671 


33 


832 


6 


126 


9. Blackfriars 


22,792 


26 


1,097 


2 


88 


10. Exchange 


2,236 


2 


896 






11. Blythswood 


3,640 


3 


847 




— 


12. Broomielaw 


8,214 


26 


3,044 


2 


243 


13. Anderston 


29,297 


16 


646 






14. Sandyford 


26,216 


31 


1,182 


4 


153 


16. Park 


26,087 


3 


120 




— 


16. Cowcaddens 


39,076 


32 


819 


1 


26 


17. Woodside 


46,366 


26 


673 


2 


44 


18. Hutchesontown... 


41,719 


73 


1,760 


7 


168 


19. Qorbalfl 


36,660 


63 


1,450 


4 


109 


20. Kingston 


34,869 


63 


1,620 


3 


86 


21. Govanhill 


33,836 


34 


1,006 


2 


69 


22. Langside 


31,142 


7 


226 


— 


— 


23. PoUokshields ... 


17,868 


2 


116 




— 


24. Eelvinside 


19,371 


2 


103 






26. Maryhill 


36,973 


3 


81 






Institutions 


18,609 


180 


9,725 


14 


766 


Harbour 


1,241 


1 


806 


— 


— 


No. Residence ... 


— 


4 




— 


— 


City 


779,126 


1,168 


1,486 


91 


117 
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rates are here calculated over the whole population, the 
incidence of the disease on the section among whom the 
disease occurred, viz., the proportion unprotected by recent 
vaccination, would be considerably greater, because a very 
large number of those (over 400,000) who were revaccinated 
during 1900-2 will still form part of the present popula- 
tion. If, instead of calculating the attack-rate over the 
whole population, it had been possible to calculate it on the 
susceptible proportion only, it is doubtful whether there 
would have been any reduction in the rate at all. It is 
also worth remembering that the proportion revaccinated 
in 1901 in the districts immediately surrounding the 
hospital was greater than in the other districts where the 
disease was less prevalent ; so that the greater incidence in 
these districts on the present occasion is all the more 
striking. 

Dr. Buchanan : I am under great obligation to all those 
who have contributed to the Discussion on my Paper, not 
least to those who have disputed my conclusions ; and I 
welcome this opportunity to express my thanks. 

If, with the benefit of this Discussion, I were now to re- 
write my Paper on the spread of small-pox by small-pox 
hospitals during the epidemic period, 1900-4, there would 
be some new matter to add, and some directions in which 
it would be desirable to develop its argument. I do not 
think, however, that I should have cause to modify what I 
have written. In dealing with the new matter, and with 
observations which have been by various contributors, I 
am, fortunately, able to be brief. The facts reported speak 
for themselves ; while on the argumentative side, the con- 
tentions raised by some contributors have been in many 
cases replied to by others. 

The introductory paragraphs of my Paper, I think, make 
sufficiently clear my reasons for selecting for inquiry the 
experience during the recent epidemic period of London, 
Glasgow, Liverpool and Gateshead : to which towns, with 
some hesitation for reasons stated, I also added Manches- 
ter. After giving the main facts as to hospital influence 
for each of these towns, I went on to say (p. 162) : — 

" Besides Manchester, there may have been other towns 
in the Kingdom during 1900-4 in which there has been a 
notable prevalence of small-pox, in which small-pox cases 
have been received in a hospital or hospitals so situated in 
regard to populous areas as to permit the matter to be 
tested, in which it has actually been tested by careful 
study, in which the facts have been exactly recorded, and 
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have proved negative as regards hospital influence. If such 
cases exist, I regret that I have not been able to find them, 
and consequently have not included them in my Paper." 

This statement was made in all good faith, and in the 
hope that in the Discussion other instances, positive and 
negative as regard hospital influence, would be brought 
out, which satisfied the requirements which I had formu- 
lated, or could be utilised for scientific examination of the 
subject in hand. This has been the case. On the one 
hand, Dr. Ker has given us an interesting account of 
the Edinburgh small-pox hospital during 1904: negative 
as to hospital influence ; on the other, Dr. Wellesley 
Harris has narrated his experience of hospital influence at 
Southampton ; and Dr. Thresh has told us of recent dis- 
tribution of small-pox in Essex in relation to the Dagenham 
hospital. In addition, although before the period dealt 
with in the Paper, we have heard from Dr. Niven the story 
of the relation of small-pox and the Westhulme (Oldham) 
Hospital in 1892-3, and the very instructive instance of 
hospital influence round Monsall Hospital (Manchester) in 
1894. 

]Negative instances, in the sense of the quoted paragraph, 
are of the greatest value. They should be looked for, 
examined in detail, and considered in all their bearings 
along with positive instances. I need not add to the 
observations of Dr. McVail on this point. But I am 
disposed to agree with Dr. Thresh when he draws attention 
to the paucity of "negative instances," which can be re- 
garded as helpful to a consideration of the "frequency" 
with which hospital influence has been exerted. There is 
no value in the negative instance if the hospital is in a 
desert ; or if the hospital stands in the centre of a town, 
but has contained only an insignificant number of acute 
cases of small-pox at any one time ; or if the facts as to 
house-invasion round the hospital have not been ascer- 
tained. These are extreme instances, of course, but the 
same considerations apply in other cases. I have been 
taken to task for a sentence in which I pointed out that, in 
several epidemics where hospital influence has been clearly 
manifested, the proportion of dwellings near to the hos- 
pital which have been invaded by small-pox has not been 
100 per cent., but usually something much nearer 5 per 
cent. The reminder, however, was not wholly unnecessary. 
Suppose a small-pox hospital, in use during an epidemic, 
and containing sometimes 20 or 30 acute cases at one time, 
had within half a mile of it 200 dwellings and 1,000 
population. I take this number so as to make the hospital 
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transgress the Local Government Board standards, to which 
so many references have been made. If during the epi- 
demic these 200 dwellings showed a hoiise-invasion rate of 
5 per cent., or 10 houses, and this were a higher rate than 
elsewhere in the district concerned, there might be reason 
to suspect " hospital influence." The case would be worth 
detailed inquiry. But unless the circumstances were very 
exceptional, I would hesitate to conclude that hospital 
influence had been exerted when the figures to go upon 
were so small. On the other hand, if none of the 200 
dwellings were invaded by small-pox during the epidemic, 
there would be reason to suspect a useful " negative 
instance." Here would be a case in which, prima facie, it 
would be reasonable to expect to have got some evidence, 
however slight, of hospital influence. In this case, also, the 
circumstances would repay full inquiry. But the hesitation 
in drawing definite conclusions, which would apply if the 
positive result had been obtained, should also apply to the 
negative. 

I have laboured this point, becaqse it seems to me that 
misuse of the term " negative instance" lies at the root of 
much misunderstanding on the subject : illustrated, in the 
Discussion, by the objection taken by Dr. Reid and Professor 
Kenwood to my "selection" of cases, and by Dr. News- 
holme's observations (p. 186), on "high percentage of failure." 

If any small-pox hospital near which there has been no 
small-pox is accepted as a negative instance, it is not at all 
surprising that Dr. Kenwood can produce one such instance 
to set against every case in which hospital influence has 
been exerted ; while none will question Dr. Boobbyer's 
statement that the Local Government Board (who, by the 
way, have never attempted such an inquiry) have found no 
evidence of hospital influence " in the case of four-fifths of 
the hospitals in the country." Like Dr. McVail, I hoped 
that Dr. Reid (of whose evidence in the " Nottingham ^case"* 
I was aware) would give the Society some valuable data 
regarding his seventeen small-pox hospitals in Stafford- 
shire. But I am still unable to put the Stafibrdshire ex- 
perience, as narrated by him, into line with the negative 
instances of Manchester and Edinburgh. For an inquiry 
such as we have been engaged in, I do not see how to draw 
conclusions from aggregates of beds in hospital, from 
aggregates of patients in all stages of small-pox in all 
these hospitals together during uncertain periods, or from 

* The point at issue in this case was not whether the Nottingham Hospita 
had or had not spread smallpox, but whether it should be closed to prevent 
the possibility of its doing so. 
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general statements that so many of the hospitals had 
failed to comply, as regards surrounding population, with 
the Local Government Board standards. I hope, however, 
that Dr. Reid will at a future date record in detail all the 
facts available with regard to some one — or still better, 
every one — of the hospitals in question. 

Among the cases of hospital influence during 1900-4 
which have been debated is that of Liverpool. It has been 
urged that Liverpool should be detached from the series of 
" positive instances" of hospital influence. The argument 
is that it was mere accident — no more — that there was in 
Liverpool an excessive prevalence of small-pox round each 
hospital. The fact is not disputed. But in view of the 
further fact that this excessive prevalence was manifested 
in each case in the particular period during which that 
hospital was receiving acute small-pox cases, of past ex- 
perience of other hospitals in other epidemics, of the facts 
as to graduation, and of other points brought out in my 
Paper, I am unable to follow Dr. Hope in the argument 
which he presented to the Society in support of this con- 
tention. Dr. Hope's attitude in the matter is, I think, 
to a large extent explained by the assumption which runs 
through his whole argument, that Dr. Reece contended that 
in every one of the houses which were invaded by small-pox 
within a mile of each of the hospitals, the infection of the 
first case had been contracted from the hospital. I do not 
find in Dr. Recce's report warrant for this assumption. It 
has not been made, so far as I am aware, in the case of other 
small-pox hospitals in other epidemics, and Dr. Reece in his 
contribution has expressly repudiated it. But it is not sur- 
prising that Dr. Hope, by looking at the matter from this 
point of view, while knowing that his stafl* had ascertained 
that personal communication, independent of hospital 
operations, had been responsible for the infection of many 
persons who dwelt near the hospitals (as elsewhere in the 
city), came to take strong objection to Dr. Recce's con- 
clusions. 

It is unnecessary for me further to comment upon Dr. 
Hope's argument, or on Dr. Recce's reply : each has gone 
fully into the matter at issue. I would like, however, to 
clear up two points in my Paper regarding Liverpool. 
Dr. Reid drew attention to the disregard in my Paper of 
the opinions which had been expressed by Dr. Hope ante- 
cedent to the publication of Dr. Recce's report. But these 
opinions, important as we may regard them, were given in 
advance of the collection of facts which alone could enable 
us to see whether, when the Liverpool epidemic was looked 
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at as a whole, in relation to the operations of its several 
hospitals, indications of hospital influence were forth- 
coming. To give these facts in my Paper, I was obliged to 
draw solely on Dr. Recce's publication. The other point is, 
that by the briefness of my allusion to the figures for the 
Fazakerley Hospital, I have unwittingly led Dr. Hope to 
infer that I attach little importance to indications of hos- 
pital influence in that case. I do not think that the 
experience of Fazakerley, if it stood by itself, could be said 
to permit positive conclusions on the matter; and I note 
that Dr. Reece has been careful in his report to warn us of 
the smallness of the figures available. But the Fazakerley 
facts, put with the Priory Road and Park Hill facts, seem 
to me to be very significant. 

I should add, too, that as Dr. Newsholme also expressed 
doubt of the reality of small-pox hospital influence in 
Liverpool, I have re-read his observations in the endeavour 
to ascertain what evidence would have satisfied him 
that hospital influence had been exerted there. If I 
interpret his meaning correctly, Dr. Newsholme would 
require for this purpose, that throughout the whole of this 
city every portion or " element" of area should have been 
attacked by-small-pox with the same intensity as every 
other portion or " element ; '' the only exceptions being the 
areas round the hospitals, where the invasion rates would 
have evenly and progressively to increase. But this is to 
ask for a miracle : a method of controversy which, though 
not without precedent among agnostics, is hardly helpful 
to epidemiology. Dr. Newsholme, moreover, makes what 
appears to me an unreasonable demand of the spot maps 
given in Dr. Reece s Liverpool report. These, like any other 
spot maps, were published as a convenient record of facts. 
But they do not give all the facts which were collected and 
exhibited by Dr. Reece. Merely to count dots on these 
maps, regardless of the number of dwellings or populations 
dealt with, is a proceeding which may easily mislead, as 
Dr. Newsholme himself realises, and cannot be expected to 
give accurate indications, even when the results of counting 
are dignified by the name of " infection densities." 

Notwithstanding doubts which have been expressed by 
some speakers as to the significance of hospital influence in 
particular cases, and of " negative instances" in others, it 
appears to be common ground that small-pox hospital 
influence is a definite phenomenon, causally related to the 
hospital, and requiring explanation. It is something apart 
f lom our experience ©f other infectious diseases which we 
ordinarily aggregate in isolation hospitals. The explana- 
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tion must be special to small-pox, and to cases in the acute 
stage of that disease. Small-pox hospital influence is not 
an affair which was restricted to Fulham, or to other 
small-pox hospitals in London, in days gone by. It has 
since come up again and again, in connection with many 
diflerent hospitals in different places and in different epi- 
demics. It has been manifested in various ways, but its 
principal characteristic has been the excessive incidence of 
the disease on persons dwelling in the neighbourhood of the 
hospital while a collection of acute cases is under treatment 
there, evidenced on many occasions by the existence of 
graduation. 

Reasons are given in my Paper for maintaining that 
Mr. Power's theory of aerial convection not only best fits 
the facts brought out by recent experience, but involves 
assumptions which in themselves are a priori probable. 
And it will be noted that in the Discussion there has been 
general agreement with — at any rate, little dissent from — 
the proposition that the air escaping from the wards of a 
small-pox hospital is liable to contain an abundance of 
floating particulate matter ; 'that, on occasion, and in suit- 
able conditions of atmosphere, such floating matter may be 
expected to be carried for considerable distances — a mile or 
more — and ultimately to settle without having undergone 
any great degree of dispersion ; and that there are reasons 
for believing a greater potentiality of infection to sus- 
ceptible persons of particulate matter in the air of a ward 
containing acute small-pox cases than where the disease 
isolated is scarlet fever, diphtheria, or enteric fever. Dr. 
Bulstrode, Colonel Davies, and others have made valuable 
observations on several of these points. Another matter 
about which there appears to be little dispute is, that the 
theory of aerial convection affords a consistent explanation 
of certain ascertained characteristics of hospital influence, 
especially of the graduation in intensity of small-pox in- 
cidence on areas in proximity to the hospital, which has 
been ascertained in so many cases ; and also of the mani- 
festation of hospital influence in the case of inhabited areas 
which are shut off from intercourse and traffic with the 
hospitals by barriers of one or another kind. The main 
criticism which the aerial theory has received in the dis- 
cussion is not that it explains too little, but that its 
acceptance would lead us to expect more than we know to 
have been the case. Dr. Newsholme, Dr. Reid, Professor 
Kenwood and Dr. Boobbyer, in one form or another put 
forward such questions as these: Why, if small-pox is 
conveyed aerially, do we not have more instances of it ? 
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Every hospital in use during an epidemic of small-por 
ought to show hospital influence ; if aerial convection be 
true, a " negative instance" should never occur. If hospital 
influence results from particular atmospheric conditions, 
these, whatever they are, must, in our ever- varying climate, 
frequently be present in the case of any hospital receiving 
patients during any epidemic which lasts for many months. 
Then, again, what are these atmospheric conditions ? Let 
us have a clear case. If it is wind, produce a hospital area 
and meteorological record, from which we can see that a 
S.-W. wind entails an outbreak N.-E., and so on. If it is 
calm, produce instances where every spell of calm has been 
accompanied by an outbreak round the hospital. 

So far as these questions involve consideration of the 
frequency and significance of negative instances, I do not 
think I can usefully add to Dr. McVaiUs observations, or to 
what I have said above. Hospitals containing throughout 
an epidemic considerable numbers of acute small-pox cases, 
and surrounded in all quarters by inhabited dwellings, are 
hard to come by. Still more rare is a great concentration 
of acute cases, such as occurred at the M. A. B. Hospital 
Ships in 1901-2, and, on the aerial hypothesis, might be 
expected to cause spread of small-pox among persons 
dwelling in the vicinity even though the total population 
in the neighbourhood was small, and the houses limited to 
a small portion of the area near the hospital. 

I do not see how to maintain that meteorological con- 
ditions should be the only variable quantity in these cases.* 
The aerial hypothesis would to me be unintelligible if it 
was inconsistent with the operation of numerous other 
factors tending, in one case to enhance, in another to 
diminish, or in a third to annul " hospital influence." The 
vaccinal condition of the population concerned is, of course, 
all-important. Some observations recorded in my report on 
the Orsett epidemic may be referred to in this connection. 
Dr. McVail has given considerable attention to this point, 
as also to the question of age, in considering the frequent 
escapes of inmates of institutions placed near to a small- 
pox hospital, of which Dr. Ker gave us a striking 
example in the case of Edinburgh Fever Hospital* The 
type of the epidemic again may be expected to have a 
considerable effect. Small-pox in inter- epidemic years, from 
some unknown circumstances affecting the life-history of 
the micro-organism of the disease, may be very different in 

* In this matter I would invite Dr. Kenwood to apply his own contention 

(p. 231), ^* those of us other," to the aerial theory, instead ef limiting it to 

the theory of undetected personal communications. 
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its infective ability to small-pox in epidemic times. Then, 
again, the physical conditions may be expected to exert a 
marked effect. Other things being supposed equal, we 
should anticipate a difference in the effects of aerial con- 
vection, between a hospital in the centre of a plain and one 
on the edge of a high cliff. The escape of the Hydro- 
pathic and of the Craig House Asylum during the Edinburgh 
epidemic may, perhaps, have been related to the fact that 
each of these institutions is on the opposite side of a hill to 
the small-pox hospital. Other conditions may easily be 
imagined which would modify the intensity of hospital 
influence, or prevent such influence from being exerted : 
notwithstanding the occurrence of aerial convection of 
small-pox matter from the hospitals. 

It is easy to demand, as does Professor Kenwood, proof 
of exact correspondence between weather conditions and 
hospital influence. If such proof were forthcoming, we 
should be saved the necessity of debating the subject. But, 
as I have pointed out in my Paper, it is practically impos- 
sible to ascertain the precise conditions corresponding to a 
given infection which has appareutly been caused by aerial 
convection. You cannot date back a man's infection to a 
particular hour ; and, as a rule, the most you can get in the 
way of meteorological conditions is some daily record kept 
in the neighbourhood. All the same, certain broad con- 
clusions of the kind which I have stated, as to conditions 
which appear to favour aerial convection, may be drawn 
from a careful study of the records available. The way to 
get more information on the matter would be to take a 
hospital suitably situated in regard to surrounding popula- 
tion, and then, during a small-pox epidemic, to appoint a 
special investigator to give his whole time to inquiring into 
each case of small-pox near to the hospital, as it arises — 
after the plan adopted by Mr. Power at Fulham — and to 
make simultaneously, on a pre-arranged system, a series of 
special meteorological observations. I wish that this could 
be done for as many hospitals and in as many epidemics as 
possible. Dr. Hope — if Park Hill Hospital is again opened 
for small-pox in the middle of a small-pox epidemic — or 
Dr. Newsholme, should the Town Council of Brighton elect 
to isolate small-pox in the centre of that town, might be 
ahle to give valuable assistance by arranging for some such 
inquiries. 

Like other scientific theories which we accept and make 
use of, that of aerial convection has its uncertainties and 
ambiguities. We should like to test it further, by differ- 
ential methods, in a variety of conditions, which are easy 
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to formulate, but seldom possible to obtain in practice. 
For this reason I have avoided the term " proof," as applied 
to aerial convention, preferring the position stated in the 
last paragraph of my Paper. To be adopted as a working 
hypothesis, aerial convection must, of course, successfully 
compete with other current explanations of hospital in- 
fluence. Our Discussion seems to me to show that it does 
so. I may dismiss at once Dr. Kenwood's hypothesis that 
people living near a small-pox hospital are, owing to 
poverty and bad vaccinal conditions, especially susceptible 
to small-pox infection. The facts are dead against him. 
One of the elementary facts of " hospital influence" is the 
frequent persistence and repeated occurrence of excessive 
rates of invasion in areas near to the hospital ; notwith- 
standing that, owing to the special local prevalence of the 
disease, the majority of the population of these areas has 
become protected from attack to a far greater degree than 
people living outside those areas. Dr. Chalmers emphasises 
this point for the neighbourhood of Belvedere Hospital. I 
have recorded similar occurrences at Purfleet, and in 
Gateshead and Felling ;. and there are many other in- 
stances, notably Fulham. As regards the social condition 
of the people living near the hospital, I may recall the 
inquiry which I made at Gatehead and Felling : where I got 
out the facts separately for each of twelve diflerent wards 
of Felling and Gateshead, for comparison with the hospital 
area, with the results mentioned in my Paper. 

It is natural to consider, as does Dr. Nash, whether flies 
are concerned with hospital influence. There is no doubt 
about the attraction which small-pox patients seem to have 
for house-flies. Any addition to knowledge concerning 
the ordinary i-ange of flight from a dwelling ol' the indivi- 
dual house-fl3% and similar matters, deserves to be considered 
carefully from this point of view. It must be remembered, 
however, that hospital influence has frequently been well 
marked in mid-winter, and in times of frost, and in con- 
nection with well-ordered and cleanly hospitals ; in other 
words, at times when flies are either very scarce, or absent 
altogether. 

There remains the explanation of small-pox hospital 

influence by the theory of undetected communications, 

which has been strongly advocated by Dr. Newsholme and 

Professor Kenwood. To what I have said on this subject 

n my Paper, I would add now a few notes. 

Dr. Hamers observation regarding small-pox ambulance 
traflic in Ijondon is important as a complement to instances 
such as the Orsett and Felling outbreaks, where ambulance 
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traOSc as a factor in hospital influence could be altogether 
put out of question. 

The undetected communications which Dr. Newsholme 
and Dr. Kenwood have in mind appear to be in large 
measure those between members of the hospital staflT and 
people living in the neighbourhood of the hospital, though 
other communications are also assumed. Now, anyone 
coming with a fresh mind to this hypothesis, as an ex- 
planation of the recent cases of hospital influence referred 
to in my Paper, or of such cases as those reported by Dr. 
Wellesley Harris and Dr. Niven, would at once ask for the 
facts which form the basis of the assumption. We are all 
on common ground in knowing that person-to-person in- 
fection (in which the infectious matter has only a short 
journey through the air) is the common method by which 
small-pox is spread. We all agree with Dr. Boobbyer that 
the source of infection of a series of connected cases of 
small-pox is not infrequently missed ; and that in individual 
small-pox cases, where there is no question of hospital 
influence, it is sometimes impossible to trace the origin of 
infection. Still, we know the other side, which is, that 
under modem conditions, during an epidemic of small-pox, 
it is usual, where there is no question of hospital influence, 
to be able to refer any given case back to an antecedent 
case. The epidemics now in question have been the subject 
of searching inquiries by many observers: County and 
Borough Medical Officers of Health and their staffs, Medical 
Inspectors of the Local Government Board, and others. 
What instances have there been in these cases where people 
living in the neighbourhood of the hospital have been 
ascertained to have, in all probability, come by their 
infection as a result of personal relations with hospital 
patients or hospital staff* ? Practically speaking, the answer 
is — None.* Dr. Newsholme's explanation of hospital in- 
fluence by such communications is thus hypothesis, every 
bit as much as the aerial theory is hypothesis. And when 
Dr. Newsholme's hypothesis comes to be applied to any 
one of these more recent cases of hospital influence — still 
more to the whole evidence on the subject — ^the numerous 
and varied assumptions, which are required to tit it in with 
the facts known, seem to me far more improbable than 
any involved in the theory of aerial convection. 

The nature of the difficulties to which I refer (in parti- 

* I except the workmen at the temporary small-pox hospital ou the Kent 
shore of Long Reach, 1901-1902, to whom I have referred in my Paper. Here 
the occurrence of personal communication with members of the hospital staff 
has to be considered as well as the operHtion of aerial conyection. 



256 THE SPREAD OF SMALL-POX. 

cular to the assumptions needed before " graduation" can 
be explained) will be gathered from the observations of 
Dr. McVail, Dr. Niven, Dr. Bulstrode, and others, as also 
from my Paper. Nothing would be gained by their re- 
capitulation, though I may perhaps draw special attention 
to the point raised by Dr. Niven, that these explanations 
involve an assumption of infectivity of " contacts," which 
is contrary to usual experience. 

It is desirable, however, that I should comment on Dr. 
Newsholrae's contention in regard to the Orsett outbreak 
and the M. A. B. Hospital Ships, and incidentally this will 
illustrate some of the difficulties which arise in adopt- 
ing his alternative theory. First, on certain questions of 
fact. My inquiries in Purfleet and the Orsett Union began 
at a time when no more than nine cases of small-pox had 
occurred in Purfleet. They were continued at frequent 
intervals throughout the epidemic. During the whole 
period, I was in touch with the medical practitioner who 
attended practically all sick persons in the village, with 
the Medical Officer of Health, Inspector of Nuisances, and 
others, who made frequent visits to the place, and I made 
numerous house-to-house inquiries. As a fact, I did, 
with the assistance of Dr. Corbett and others, make 
very careful inquiry as to importation of infection from 
other parts of Essex or from London — and this not only 
in regard of the first cases in Purfleet, but also as to other 
cases occurring later on during the epidemic. Then, as to 
the alleged surreptitious visits to Purfleet of members of 
the staff of the Hospital Ships. Lest Dr. Newsholme's 
remark that " a considerable body of independent evidence 
exists" that such communications took place should be 
applied to the epidemic of 1901-2, it is well that I should 
be definite. From first to last, frem the beginning to the 
end of my local inquiries, after the publication of my 
Report, after subsequent correspondence, after reading the 
evidence given by Dr. Thresh, Dr. Newsholme, Di*. CoUing- 
ridge, and othei'S in the " Nottingham CAse," where this 
outbreak was made the subject of prolonged examination 
and cross-examination, and at the present day, the only 
suggestion of such visit known to me is that referi^ed to 
by Dr. Thresh {Epidem. Soc. Trans., vol. xxi., p. 103): 
" I am convinced that the Asylums Board have fulfilled 
their promise, and that there has been no personal commu- 
nication between the ships and the County of Essex — save, 
probably, the surreptitious visit of a man to his sweetheart. 
The only ease of this kind I can hear of has been denied 
by the parties concerned." There was no allegation here 
that small-pox in Purfleet resulted from this visit. 
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Leaving these matters, we may consider Dr. Newsholme's 
hypothesis in relation to the epidemic at Purfleet. The 
points to be explained there have been dealt with in my 
Paper. It is not so much the magnitude of the epidemic in 
proportion to the population — though this is important — 
but the continued invasion of fresh dwellings by small-pox, 
week after week and month after month, notwithstanding 
all the administrative action taken, the prompt recognition 
and isolation of cases, and the increasing immunity which 
the population of the village obtained in consequence of 
recent vaccination or recent small-pox. Now, suppose a 
series of visits to Purfleet by subordinate male members 
of the hospital staff, managing to get a boat and rowing 
nearlv half a mile across the water. I imagine that even 
Dr. Newsholme would exclude patients, medical oflScers, 
and nurses. The first assumption necessary is that no 
knowledge of these visits should have been obtained by 
various inquirers who, unlike Dr. Newsholme, were on the 
spot. The next assumption relates to the way in which 
these visits must have been contrived. Each visitor must 
have selected from among the houses in Purfleet one which 
had hitherto escaped small-pox or general vaccination and 
re-vaccination. Visits of this kind must have been spread 
• over some ten months. Towards the end of that period, 
when not more than forty people were left in Purfleet 
who could be regarded as susceptible to small-pox, the 
unknown visitor must have selected the dwellings of the 
susceptible people. The next assumption is that these 
visitors (who were not themselves sufifering from small- 
pox) possessed on each occasion suflScient infective ability 
to occasion samll-pox among those whom they visited. 
I note, in passing, that any ship's porter paying a visit 
to Purfleet in 1901 would have been wise, in consideration 
of his personal safety, to exchange his uniform for his 
outdoor clothing. 

Dr. Newsholme, however, has a second string to his bow 
regarding Purfleet, in the suggestion that, after all, the 
hypothetical visitors bringing small-pox to Purfleet did 
not come from the Hospital Ships, but from other places 
in which small-pox was prevalent. But this is to demand 
more remarkable coincidences than ever. These hypo- 
thetical visitors must have had some reason for thus bringing 
coals to Newcastle. What was it ? Why should they have 
come to the Orsett Union, to West Thurrock, and so 
particularly to Purfleet ? Has there been another village 
near London, or in the whole country, as to which there 
has been no question of hospital influence, where small-pox 

N. S. — VOL. XXIV. S 
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has been dealt with after the maimer practised in Purfleet, 
where yet small-pox continued month after month to 
behave in this way ? Moreover, this suggestion requires 
either the dissociation of the Purfleet facts from the 
circumstances of other areas on both sides of the river, 
and from the occurrence of small-pox on vessels moored in 
Long Reach, or else the assumption of a still greater series 
of coincidences. The demand on our imagination is not 
lessened if Dr. Newsholme pulls both strings at once, and 
tells us that part of the Pui^eet outbreak was due to un- 
known visitors from the ships and part to unknown visitors 
from elsewhere. 

In the other case which is intimately known to me, that 
of Gateshead and Felling, the assumptions necessary for 
explanation of the facts by Dr. Newsholme's theory are 
similar as regards their magnitude and diversity, though 
they difler in character. So would it be with the Monsall 
outbreak in 1893 to which Dr. Niven referred, and other 
cases. 

Apart from the consideration that its assumptions are 
much less improbable, the theory of aerial convection has 
the great advantage of supplying a common and consistent 
factor. In any case, I think the debate has sufficiently 
disposed of the contention that aerial convection cannot be 
considered as a cause of hospital influence so long as there is 
also a possibility that the disease may have been spread by 
hospital communications. I do not for a moment question 
that such communications may on occasion produce small- 
pox among persons dwelling near the hospital. But that 
such communications, if they occur, should be given as a 
reason for refusing to consider aerial convection as a 
simultaneous — and possibly a major — cause of the local 
spread of infection, appears to me to be an untenable 
position in the light of our present knowledge. 

In conclusion, I may, perhaps, express the hope that the 
papers and discussion will indirectly be fruitful by en- 
couraging investigation of further problems of aerial infec- 
tion, which are now becoming of increased importance. 
The application of the lessons learnt from small -pox 
hospitals to the spread of infection caused by individual 
cases of the disease, to which the President and others 
have directed our attention, is of obvious importance, in 
connection with inquiries as to methods by which measles, 
phthisis, and infectious catarrhal conditions are spread. 

N.B. — The four diagrams relating to Liverpool and Gateshead which 
illustrate Dr. Buchanan's Paper are reproduced from the Official Reports by 
consent of the Stationery Office. 
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PHTHISIS RA.TES: THEIR SIGNIFICANCE AND 

THEIR TEACHING. 

By ARTHUR RANSOME, M.D., F.R.S. 



{Read: Friday, May 19ih, 1905.) 

Statistics of mortality from pulmonary tuberculosis 
throughout long series of years are of great importance 
from both their etiological and their economic bearing. 
Their variations in successive years throw light upon 
possible causes of aggravation or decline, and point the 
way towards the measures that should be taken for the 
abolition of the disease. 

In the present Paper the following sources of information 
have been used : — 

Through the courtesy of Dr. Tatham, of Somerset House, 
I have been furnished with many statistics, derived from 
the Returns of the Registrar-General for England and 
Wales, since the year 1838 ; the four years, 1843 to 1846 
inclusive, being omitted, as the causes of deaths were not 
given during those years. 

Sir Stair Agnew, the Registrar-General for Scotland, 
has, through Mr. Hamilton, kindly provided me with the 
male and female phthisis-rates since the year 1871 ; and 
Dr. Matheson, Registrar- General for Ireland, has afforded 
me the opportunity of obtaining similar statistics for 
Ireland since the year 1861. 

Dr. Hope, of Liverpool, Sir Shirley F. Murphy, of London, 
and Dr. Niven, of Manchester, have given me the figures 
relating to these cities. 

I desire to express my cordial thanks to these gentlemen 
for the valuable assistance which they have given to me.* 

I have projected the several sets of figures thus obtained 
upon the accompanying Charts, so as to show graphically 
their variations. The method allows us to note their rise 
and fall in different years, to compare the shape of their 
curves, their differences and their coincidences, which are 

* The Editor of the Tra^iaa^ctions is also indebted to Dr. Hope for 
much assistance in securing the reproduction of all these Charts. 

s2 
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thus displayed much more readily than is possible with 
mere lists of figures. 

Chart I represents the phthisis death-rates of persons, per 
million of population, in England and Wales, for each year 
since 1838, with the exception already noted, from 1843 to 
1846 inclusive. 

Charts II, III, and IV give the male and female rates 
separately : Chart II for England and Wales, Chart III for 
Scotland, and Chart IV for Ireland. 

Charts V and VI supply similar rates for Liverpool and 
Manchester. 

It must, at the outset, be pointed out that purists in the 
matter of statistics do not regard the figures given in the 
earlier years of the period thus covered as trustworthy. 
They prefer to limit their comparisons of the death-rates 
from divers diseases to the years subsequent to 1867. 
There were undoubtedly many imperfections in the diagno- 
sis and in the collection of these several data in the earlier 
years of the Registrar-Generars Returns. Thus, in his 
Twenty-seventh Annual Report, Dr. Farr mentions serious 
cases of fraud on the part of Registrars : — " In the course 
of twenty- nine years, out of a body of 2,200 officers, four — 
for the sake of a shilling an entry — inserted long series 
of fictitious entries of deaths which never occurred. They 
invented the particulars of hundreds of deaths." 

Until the year 1874, the certificate of the cause of death 
was not compulsory. A proportion of the deaths were not 
certified by legally qualified medical practitioners. Dr. 
Farr calculated that, at one time. " in 17 per cent, of the 
total number of deaths, registered in England and Wales, 
no clue is given as to the cause of death. At one time, in 
South Wales, the registration books were in a state of 
hopeless confusion. At Llanbedr, out of 500 notices of 
death, 101 were certified, 399 were not ; and, at St. David's, 
out of the same number, only fifteen were certified." 

At the present time, thanks to the efforts of Dr. Farr and 
his successors, great improvements have taken place ; but, 
unfortunately, even now it cannot be said that these 
statistics are by any means perfect ; and, in the case of 
many diseases, they do not permit of any sound conclusion 
being founded upon them as to the true causes of death. 

Some use may, however, be made of very imperfect 
statistical material : witness the remarkable researches of 
Dr. William Farr himself, and of Sir John Simon. 
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In the case of phthisis, I am inclined to think, for the 
following reasons, that it is not necessary entirely to reject 
the mortality figures during the thirty years preceding 
1868. 

1. Although the early diagnosis of the disease is often 
difficult, it must be admitted that death from pulmonary 
phthisis is usually quite easy to diagnose. It will, for the 
most part, be correctly recorded even by unskilled persons. 
Most old women, in fact, could diagnose the disease in its 
later stages quite as well as the skilled physician. 

At the outset, therefore, there is a strong probability 
that the registration of a death from '* consumption *' was 
genuine, even if it were only reported by relations, and not 
by a medical man. 

2. That the earlier Returns of phthisis in the Registrar- 
Generars Reports are probably fairly correct, is shown by 
their accordance with what we know of this mortality from 
the London Bills of Mortality. In the years 1743-53, 
when, as Dr. Ogle says, " they were fairly accurate trans- 
cripts from the parish registers, the proportion of deaths 
from consumption in the Metropolis to the total deaths was 
rather more than one-fifth ; and, in the first Return of the 
Registrar-General, in 1838, in London, it was 1 to 6.8." 

In other words, the rate per 1,000 deaths in the former 
period was about 200, and in the latter about 148. Hence, 
in the middle of the eighteenth century, phthisis must 
have been still more common than in 1838 ; and thus the 
diminution in the mortality from the disease must have 
been proceeding steadily, at about the same rate as that 
observed in the earlier years recorded in Chart I. 

3. A further proof of the sufficiently accurate character 
of the early returns of phthisis is to be found in the fact 
that, if a straight line is drawn from the lower end of the 
curve in Chart I (from 1902) to the point upon it corre- 
sponding with the year 1866, when the Returns are sup- 
posed to be fairly accurate, and if this line be then 
produced, it will be found to touch the highest portion of 
the mortality curve. The fall in the mortality from 
phthisis from the first year to the last is thus almost 
perfectly regular. 

4. The male and female rates, when separated as in 
Charts II, III, and IV, also show a remarkable correspon- 
dence in their outlines, and testify to the general accuracy 
of the registration. 

5. The simultaneous rise and fall of the rates in England, 
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Scotland, and Ireland, presently to be noticed, point in the 
same direction. 

It is mainly this singular regularity in the course of the 
disease which makes me venture to include the early as 
well as the later records in my survey. There may be, and 
probably are, inaccuracies in the Returns for individual 
years; but, for the most part, these inaccuracies will be 
in defect, not in exaggeration of the phthisis-rate. It is 
more likely, for instance, that phthisis has been entered as 
bronchitis than that the converse has been the case. We 
may then, perhaps, accept the general outline of the curve 
as a fair representation of the truth. If this is so, and if 
the Charts are taken as delineating the actual course of the 
disease throughout the past sixty-five years, there are 
certain lessons which may be drawn from them. 

A. — Periodic and Coincident Variations in the 

Phthisis-Rate. 

1. The first point to be noted is a tendency to periodicity 
in its prevalence. Phthisis is undoubtedly a communicable 
disease, but it is also endemic. It clings to certain 
localities, and, year by year, it persistently carries ofi* large 
and similar percentages from the communities in which it 
prevails. Unlike the acute infectious complaints, such as 
scarlatina, measles, etc., it shows but little variation in its 
exactions from year to year, and pursues a comparatively 
steady course. As the several Charts show, it may, on the 
whole, as in Ireland, rise, or it may fall, as in England and 
Wales and Scotland; but successive years display very 
little diflerence in the death-toll which it levies. There 
are, however, signs that even this chronic ailment is affected 
by widespread influences, such as meteorological conditions, 
and, possibly, that it may share with the more acute 
diseases the tendency to observe " periodic " times. Thus, 
from Chart I it appears that there were faint indications 
of a periodic rise in the disease in 1858, 1866, 1878, and 
1890 ; and thus, if we begin to count from 1840, there are 
five periods of from twelve to thirteen years each. The 
indications are undoubtedly faint, but they may be suffi- 
cient to show that, as in the case of the acute exanthemata, 
there was, in the intervals of the periods, an accumulation 
of susceptible persons who had escaped the slighter infec- 
tive influences, but who succumbed to the increased — almost 
epidemic — potency of the infection in these particular 
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years: to the Karaa-raa-i^ XoifioSe^ as Hippocrates would have 
called it. This, however, is mere conjecture, and I do not 
lay any stress upon the occurrence. 

2. It is evident, from the coincidences in the rise and 
fall of the disease in the three divisions of the kingdom, 
that there has been some widespread influence at work 
affecting the rate of mortality from phthisis. 

{a) In the first place, there is a singular uniformity in 
the undulations of the male and female phthisis-rates in 
all three countries. In England (Charts I and II), they 
rise and fall together in 89 per cent, of the years re- 
corded, and only 11 are opposed in the directions of their 
course. 

In Ireland (Chart IV), 73 per cent, are in the same 
direction, 24 per cent, in the opposite course, and 3 per 
cent, are neutral. In Scotland (Chart III), 83 per cent, are 
concurrent, and 17 are opposed. 

In by far the majority of the years, therefore, there were 
conditions present which simultaneously raised or lowered 
the mortality from phthisis in the male and female popu- 
lations respectively. 

(6) Again, on comparing the English and Scotch curves, 
we find that, in 95 per cent, of the years in which there 
was any definite rise or fall, the two curves agreed. The 
English and Irish curves show about 80 per cent, of 
agreement ; the Scotch and Irish, 78 per cent. Obviously, 
the conditions influencing the mortality not only affected 
the two sexes, but they extended over the broad areas of 
Great Britain and Ireland. 

(c) As might be almost assumed from the above-mentioned 
concurrences of the curves, the general contours of the 
lines are remarkably alike, especially in England and 
Scotland. In these countries they rise to their highest and 
sink to their lowest points, almost in the same years. 

In Ireland the same tendency is to be observed, but 
owing to the general rise of the disease in that country, 
while it has been falling in England and Wales, it can only 
be noted in the lesser undulations ©f the curves.* We 
conclude, therefore, that there are widespread influences at 
work, extending over the whole of the British Isles, 

* As I have already pointed out, these singular coincidences in the rise 
and fall of the disease in the three kingdoms are an additional proof of the 
general accuracy of the Returns. 
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affecting both males and females, increasing or diminishing 
the death-rates from pulmonary tuberculosis. 

It is natural, in the first instance, to turn to meteorolo- 
gical conditions for enlightenment as to the causes of the 
coincident variations in the death-rates, but the problem 
to be faced is an extremely difficult one. 

In any attempt to compare our figures with the several 
elements of meteorology, we are met, firstly, by the 
extreme complexity of the conditions which make up 
what is called the " weather" of any given year; and 
secondly, by the impossibility of fixing the dates of origin 
of the mortal disease of which the termination only is 
recorded in the Tables. 

The origin of acute diseases may often be brought into 
relation with certain of the meteorological elements, owing 
to their prevalence on certain dates ; but in chronic 
ailments such as phthisis, the date on which the disease 
was contracted is always uncertain, and the fatal issue is 
usually separated by many months or years from the date 
of origin. The period of duration of the intervening illness 
is also so variable in different cases, as to prevent any direct 
comparison between the heat or cold, the wetness or the 
dryness, of the year in which the complaint may have 
started. 

It is highly probable, indeed, that certain states of the 
atmosphere may precipitate the fatal ending of even a 
chronic ailment, and that thus some slight perturbation in 
the course of the curve of disease might be produced 
which would point to its cause, if the weather returns and 
the death-rates were taken within sufficiently short periods 
of time. In this case, monthly, or even quarterly, returns 
would be likely to afford a basis for comparison better 
than annual Returns. 

Through the courtesy of the Mersey Docks and Harbour 
Board, I have been supplied with interesting information 
respecting the weather in each year from 1867, and cor- 
dially thank them for the Tables now appended (Appen- 
dix I). I have, however, been quite unable to trace any 
definite connection between the phthisis mortality and the 
weather, owing probably to the reasons which I have just 
given; nothing in the temperature, in the wetness or 
dryness of the years, shows any distinct reason for the rise 
or fall of the disease curves. The solution of the problem 
must, therefore, be left to those who are better equipped 
for the i-esearch than I am. 
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B. — The Prospect of Abolishing Phthisis. 

The next important lesson to be learnt from Chart I is a 
hopeful one. The total decline in the phthisis death-rate 
since the year 1838 is from over 3,800 per million to 1,100 
— a fall of over 70 per cent. — more than two-thirds 
reduction. 

In a Paper read before the Epidemiological Society in 
1894, entitled " Tuberculosis and Leprosy : a Parallel and a 
Prophecy," I ventured to call attention to this extraordinary 
decline in the death-rate from phthisis, and to compare it 
with that from leprosy. I then pointed out that, if 
phthisis diminished at about the same rate during another 
thirty years, it would have entirely disappeared by the end 
of that period. 

Ten years have passed since then, and, although unfor- 
tunately the rate of diminution has somewhat slackened 
during this time, the phthisis-rate has fallen from 1,400 
to 1,100; and we need only to amend our prophecy by 
extending the term of existence of the disease to the 
year 1930. 

The last dregs of the poison will perhaps be diflScult to 
cleanse away, but, unless sanitary progress is arrested, or 
some adverse circumstances arise in the interval, we may 
surely look for the almost total abolition of the disease in 
England by the middle of the present century. 

C. — Causes of the Decline in the English 

Phthisis-Rate. 

When we study the course of phthisis mortality, as 
shown in Chart I, during the past sixty-five years, it 
becomes evident, from the continuous steadiness of its 
decline, that it has not been due to any special measures of 
repression, but that there must have been some influences 
at work acting continuously throughout the whole period. 
Therefore, knowing what we do of the nature of tubercular 
infection, we must adopt one of the following conclusions 
(1) that, during this period, the nation has gained increased 
power of resistance to infection ; (2) that there has been 
some impediment to the cultivation or growth of the 
specific germ ; or (3) that the microbe has been afforded 
fewer opportunities of attack. Probably all these several 
causes have been at work at the same time, and I think 
that we shall find that most of them may be grouped under 
the same head, as measures of sanitary reform. 
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When we look back, through the history of the last 
hundred years, for the first indication of a general sense of 
the value of sanitation, we find it most distinctly in the 
awakening of the nation after the terrible visitations of 
cholera and influenza in the years 1831, 1832 and 1833. 

As Dr. Chevers says, in his treatise " On Removable and 
Mitigable Causes of Death," p. 40 : " The cholera of 1832 
certainly hadsthe eifect of awakening the medical profession 
and conductors of the public press to the necessity of 
imitating our continental neighbours in their systems of 
public hygienic conservancy." 

Truly, as he points out, "all that was proposed and 
achieved in England, expressly with a view to the preser- 
vation of the public health, antecedent to the present 
(nineteenth) century, might be comprised within a few 
sentences." It is true that he was able to point to a few 
legislative enactments on the subject in previous years, 
but nearly all the great sanitary reforms have taken place 
since the accession to the throne of our late good Queen 
Victoria. 

Perhaps the most important of the earlier sanitary 
measures after 1832 was the institution of the Registrar- 
General's Returns of Births, Deaths, and Marriages in 
1838. The revelations made by his earliest Reports, as to 
the enormous waste of life then proceeding in all our large 
towns, brought about the Health of Towns Commission, in 
1842 ; and, shortly afterwards, steps were taken to mitigate 
their unhealthiness. Several towns appointed medical 
officers of health, notably Liverpool in 1847, and the City 
of London in 1848; and other towns soon followed their 
example. In fact, the education of the public had begun, 
and a flood of literature from the pens of Dr. W. Farr, 
Dr. Southwood Smith, Mr. Edwin Chadwick, and others, 
on sanitary reform, soon took effect on the minds of the 
more thoughtful of the people, and the country began 
to attempt to cleanse its Augean stable. 

In 1845, laws were passed containing regulations respect- 
ing buildings, their drainage and ventilation, and this was 
soon followed by others in the same direction. In 1848, 
the first Public Health Act was passed ; also the laws 
against the sale of diseased meat, and other beneficent 
measures followed, such as the abolition of the Window 
Tax, in 1851. 

All this activity in the cause of the public health must 
have had an effect, not only on the general death-rate, but 
also on the phthisis-rate, though no idea was entertained 
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at the time that this disease was at least as preventible as 
many others. We are now better able to understand the 
results of this unconscious campaign against phthisis ; and 
it may be worth while to indicate the modes in which the 
several sanitary measures acted in reducing the hitherto 
heavy mortality from tubercular diseases. 

1. Ventilation. — At the present day, no one can doubt 
the close relation that exists between " re-breathed air" and 
phthisis. It has been established by a thousand proofs, 
and need not here be elaborated. It may be explained, 
however, in several ways : (1) by the greater frequency in 
such air of the specific germ of the disease; (2) by the 
long life of the bacillus of tubercle in the presence of the 
aqueous vapour of the breath ;* (3) by the cc-existence of 
other pathogenic organisms, which prepare tJie way for, 
or hasten the action of, the specific disease ; (4) by the 
predisposition to the disease which such air produces, either 
by lowering the natural resistance of the body, or by 
inducing diseases which open the way to the bacillus of 
tubercle; (5) lastly, to the fact that such air is most 
found where other sanitary defects, such as bad drainage 
and little sunlight are present ; where the most delicate and 
otherwise diseased populations are to be found, and where 
intemperance and other evils are likely to assist the attack 
of the micro-organism. 

Whatever the explanation, the Registrar- Generals Re- 
ports, and the other annals of public health, teem with 
instances of the evil effects of respiratory impurity, es- 
pecially in engendering tubercular disease, and of the 
immediate amelioration produced by free ventilation. 

It has already been pointed out that, even anterior to 
the year 1832, some attempts at sanitation had been made ; 
and among these measures must be classed the efforts, 
in the middle of the eighteenth century, to obtain better 
ventilation of ships and of public buildings. 

Early in the eighteenth century, Pringle pointed out that 
the air of the military hospitals killed more than the 
sword. " Plus occidit aer quam gladius ;" and he called in 
the assistance of skilled mechanicians to improve their 
ventilation. It was at his request that, in 1726, trial was 
made in the House of Commons of a centrifugal fan ; and, 
a few years afterwards, we are told that as many as twenty 
Reports on the subject had been laid before the House. 
Before this, the better ventilation of the ships of the 

* See p. 23, Researches on Tibbercvlosia, Weber Parkes Prize Essay, 1897, 
by the writer (Smith, Elder and Co). 
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British Navy had been carried out ; and about the same 
time the heavy infantile death-rate at the Rotunda 
Hospital, Dublin, had been greatly diminished by the 
introduction of improved methods of ventilation. Other 
hospitals and public buildings soon followed these examples ; 
and we cannot doubt that the public mind was turned in 
this direction, and that people were becoming alive to the 
danger of breathing air fouled with respiratory impurity. 
Probably these facts will account for at least a part of the 
diminished rates of mortality from consumption before the 
year 1836.* 

2. LaTid Drainage, — Another important sanitary measure 
was also partially set to work in Great Britain bfefore the 
great period of sanitary reform — I mean, land-drainage on 
a large scale. This was no doubt done with a view to the 
interests of agriculture ; but, incidentally, it put a stop to 
malarial disease in the Fen country, and we may be sure 
that it also affected the phthisis mortality. 

Extensive systems of sewerage were also established in 
many large towns' early in the century, and sewage com- 
missioners were appointed ; and the drying of the soil 
which resulted, not only lowered the general death-rates 
of the places concerned, but, to the astonishment of many 
sanitarians, diminished greatly the phthisis-rates of most 
of the towns thus improved. 

Commenting upon Dr. Buchanan's account of the results 
of " improved drainage and water-supply" (in 1866), Sir 
John Simon remarks (" Ninth Report to the Privy Coun- 
cil "), that " the novel and most important conclusion sug- 
gests itself, that the drying of soil, which has in nriost cases 
accompanied the laying of main sewers in the improved 
towns, has led to the diminution, more or less considerable, 
of phthisis " 

As we know. Dr. Buchanan continued his researches ; 
and, in an inquiry into the distribution of phthisis on im- 
pervious and porous soils, he confirmed his observations 
and, without knowing it, those also of Dr. Bow ditch, of 
Massachusetts, that phthisis is most rife on impervious, 
undrained soils. A few years later, the Registrar-General 
for Scotland also corroborated the facts as stated. 

After giving a list of fifteen towns in which phthisis had 

* It is interesting to observe that, about this time, Dr. Franklin, the famous 
American, was accustomed to take what were then called "air baths," and it 
was proposed to use them medicinally (Diet, des Sciences Medicates, Paris, 
1820, Art. "* Ventilation," p. 167). 
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thus been diminished, Sir John Simon observes : " the fact 
that, in some of these eases, the diminished fatality of 
phthisis is by far the largest amendment, if not the only 
one which has taken place in the local health, becomes 
extremely interesting and significant, when the circum- 
stance is remembered that works of sewerage, by which 
the drying of soil is effected, must always of necessity 
precede the accomplishment of other objects (house-drain- 
age, abolition of cesspools, and so forth) on which the 
cessation of various other diseases is dependent." 

I do not think that this singular influence of dry sub- 
soils in preventing phthisis has ever been fully explained ; 
but, accepting the fact as we must, I am now inclined to 
trace a considerable part of the decline in the earlier 
portions of the phthisis- curve in England to the general 
and special drainage works which were actively carried out 
about this time. 

3. The Sanitary Improvement of Dwellings. — The most 
potent of all the means which have hitherto been un- 
consciously employed for the suppression of phthisis is the 
improvement of dwellings, and especially of artizans' and 
labourers' dwellings. 

In a paper read before the Epidemiological Society on 
May 11th, 1887, on "Tubercular Infected Areas," I pointed 
out the fact that tubercular infection clings to certain 
houses, and even to certain unhealthy areas ; and this 
observation has also been made by Dr. Flick, of Phila- 
delphia, Dr. Niven, of Manchester, and others. 

Moreover, researches, pursued by myself, in conjunction 
with Professors Dreschfeld and Del^pine, of Manchester, 
proved that tubercular sputum would live for months in a 
small, badly-drained, ill-ventilated cottage in Ancoats : 
whilst it was speedily deprived of all virulence in a healthy 
dwelling on a dry, sandy soil. 

The observations of Dr. Russell, of Glasgow, and others, 
on the prevalence of phthisis in one-roomed tenements, as 
compared with the better classes of dwellings, show strongly 
the influence of the home upon the disease. 

It would not be surprising, therefore, to find that the 
many Acts which have been passed since 1848 had resulted 
in a great diminution of the mortality from phthisis. Most 
large towns have also secured private Acts, by means of 
which " rookeries " have been abolished, unhealthy areas 
have been cleared, and healthy dwellings erected in their 
stead. Beyond all this, the Building By-laws of some 
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enlightened communities, such as London and Liverpool, 
have secured the adequate entrance of light, as well as air, 
into streets. Wherever all this has been done, we find a 
great improvement in the health of the inhabitants, and 
especially a smaller proportion of deaths from tubercular 
disease. We cannot doubt that much of the obvious 
decline and fall of this mortality, in the middle and end of 
the last century, has been due to these improvements in 
the sanitary conditions of the dwellings of the poor. 

4. The Amelioration of Social Conditions, — We cannot, 
however, claim all this diminution of mortality as due to 
purely sanitary reforms. It seems certain that the resist- 
ance of the population to infection must have been increased 
by means of the better food, and better clothing, and more 
healthy environment, that became possible after the Repeal 
of the Corn Laws in 1847, and by the subsequent adoption 
of the principle of free imports into the country. We 
might perhaps expect, therefore, to find some evidence 
of this fact in a further and more rapid decline of the 
curves of mortality from phthisis. There is, however, 
nothing very decisive to note on this point. It is true that 
there is a somewhat rapid decline of the curve after 1847 ; 
but we must remember that food did not at once become 
cheaper until some little time after the cessation of the 
duties ; and again, that most of the cases of the disease 
which ended fatally in 1847 must have commenced many 
months before that date. Moreover, there is again a rapid 
rise in the mortality four years later, in 1851, so that we 
can hardly claim the preceding descent as evidence of 
greater resisting power. 

During the Cotton Famine, from 1863 to 1866, there is 
a decided rise in the curve, as if the privations of that time 
had been able to destroy a certain number of the more 
weakly individuals ; but the curve again descends rapidly 
after 1866, thus showing that no permanent injury had 
been done to the workpeople. 

Again, after' 1870, when the prosperity of the country 
was said to be " advancing by leaps and bounds," there is a 
great drop in the mortality, but it is not possible to differ- 
entiate it from the improvement that was evidently going 
on owing to other sanitary reforms which have already 
been noticed. We must be satisfied to group all these 
beneficent influences together, and note their combined 
effect. 

This is one view of the progress of social reforms which 
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have been favourable to the public health and hostile to 
the bacillus of tubercle. On the other hand, it is certain 
that some social conditions which are likely to add to the 
danger of infection by the organism have become greatly 
aggravated during the period in question. Thus, a much 
larger proportion of the population have come from country 
districts into towns. Most of these people, also, both males 
and females, have gradually drifted into the most crowded 
and least healthy parts of these towns ; and, in place of 
wholesome outdoor work, they have taken to indoor 
occupations in, for the most part, badly-ventilated work- 
places, and their leisure time is usually spent in unhealthy 
surroundings. 

Consider, for instance, the sort of life which a health}'' 
country lad is likely to lead when he migrates into a town. 
He probably takes up his abode in a "common lodging- 
house," where his next bedfellow may be consumptive, and 
where the spitting habits of the whole community scatter 
filth and infection broadcast. He obtains work in some 
place where the atmosphere is polluted with similar 
material, and where dusts of all kinds are ready to prepare 
the way for the specific organism to enter his^ lungs and 
dwell there. In the evening, he perhaps goes to some dirty, 
badly- ventilated music-hall, or to the pit of a theatre, 
where again the air he breathes is contaminated with 
much tubercular matter ; or he may go with his mates to a 
public-house, and sit there for hours in at least equally- 
unhealthy surroundings. It is, surely, not surprising that 
many of these young males should contract, and die of, 
phthisis. 

The influence of the common lodging-house in spreading 
phthisis is very grievous. Thus Dr. Niven, in his admirable 
Report upon these places, presented to the Manchester 
Corporation in 1899, says (at p. 5) : "There is one disease 
— ^viz., consumption — which does not need to be introduced, 
being already in possession, which plays great havoc 
amongst the inhabitants of common lodging-houses." From 
seventy-seven such houses in the Angel Meadow district, 
containing an average population of 1,825 persons, the 
death- registers furnished, in the years 1893-95, 110 deaths 
from phthisis, giving an annual death-rate from the disease 
of over 20 per thousand during that period." 

" Nor is the mischief confined to the inhabitants of these 
houses. The consumptive labourers, hawkers, joiners, 
bakers, butchers, tailors, mechanics, clerks, washerwomen, 
will not only give the disease to their workmates who do 
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not live in common lodging-houses, but may in some 
employments convey it to those who purchase the goods 
they are engaged in making or vending. Moreover, they 
will certainly disseminate it in the district in which they 
live." 

Take the case, again, of a female immigrant into a large 
town. She is pretty sure to drift into some unsanitary 
" slum," or into a dirty, overcrowded lodging. She takes 
work in a dusty, ill- ventilated factory, or she marries early 
and lives in a tenement-house, or in a dwelling all of whose 
windows are shut in order to keep out the outer air, 
polluted as it is with " smuts " and other impurities. Her 
chief amusements are gossiping in similar houses to her 
own, or an occasional visit to dusty, hot, and close music- 
halls. On the other hand, she may be devout, and may 
spend some time in dark and badly-ventilated chapels or 
churches ; but in all these places she constantly runs the 
risk of tubercular infection. These are all reasons for an 
increase, instead of a diminution, in phthisis mortality ; 
and if it were not for the enormous improvements which 
we have seen to have taken place of late in the sanitary 
condition of our large towns, the great immigration into 
them of young males and females must have led to this 
result. 

As matters are now, however, the conditions of life in 
our country villages are often worse than those in towns, 
and they only escape a larger phthisis-rate owing to the 
smaller volume of infective material and to the sparseness 
of their populations. 

5. Temperance, — The question of the relative sobriety of 
the populations at diflFerent epochs has from two points 
of view an important bearing upon our subject: — 
(1) Because of the predisposition to the disease produced 
by intemperate habits ; and (2) because of the facilities for 
infection met with in the places frequented by drunkards. 

It is somewhat diflScult to estimate the exact amount of 
growth of temperance throughout the nation. On the one 
hand, from ordinary observation, it would appear that 
there really is less drunkeness now, in most classes of 
society, than there was fifty or sixty years ago. It is cer- 
tainly so in the upper classes; and the movement in favour 
of temperance has spread widely in the Navy and Army, 
and, to some extent, among the working classes. 

On the other hand, from Mulhall's statistics, quoted by 
Dr. Niven, in his paper " On the Economics of Health," it 
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may be shown that very little change has taken place since 
1853 in the consumption of beer and spirits per head of 
the population ; so that, if there is less drunkenness, the use 
of alcohol must be more widely spread among the people, 
and the public-house continues to be, perhaps, more than 
ever the " Club of the Working Man." 

Of the two factors, then, one, inebriety, may have 
diminished ; and, if so, this diminution can hardly fail to 
have had an influence upon the phthisis-mortality. There 
will now be fewer drunkards, predisposed to consumption 
by their habits of life ; fewer drunkards' homes, in which 
the seeds of the disease might have been sown in the 
rising generation; fewer neglected children to carry on 
the infection. 

But if, on the other hand, the public-house has not lost 
its hold on both the idlers and the workers of the popula- 
tion, then, even though there be less drunkenness, a most 
potent breeding-ground of the disease is left, and its in- 
fluence is shown in the excess of male phthisis-mortality. 

There is, however, a possible source of fallacy which 
should be taken into account, in our reasoning on this and 
other statistical points in relation to this subject. 

Dr. Niven has pointed out to me the fact that, of late 
years, there has been a distinct alteration in the numbers 
of the population in the different " age-groups" ; that the 
number of young persons at ages little affected by phthisis, 
e,g., between and 15, has diminished proportionately to the 
number of those at a^es more prone to the disease : i.e., from 
flf teen to forty-five. This change in the constitution of the 
population would naturally tend to increase the phthisis- 
rate per million. This simple cause will, therefore, to some 
extent explain the slackening of the downward tendency of 
the curve, but it will not cover the whole ground. If it were 
the sole influence at work, it would certainly affect both 
the male and the female rates. But, as we can see in 
Chart II, the female rate shows very little alteration in its 
rate of descent. It is the mortality among males that 
chiefly raises the curve of mortality of persons of both 
sexes in Chart I. 

On the whole, I am inclined to think that, in the last 
thirty years, habits of temperance have not availed to stem 
the stream of infection flowing from the other social habits 
of the working classes ; and that, so far, they have done but 
little to diminish the mortality from phthisis. 

6. Notification, Disinfection, and Isolation. — Hitherto 
we have not had to record any special methods for the 

N. S. — VOL. XXIV. T 
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repression of the disease. Phthisis was indeed recognised 
as to some extent a " preventable" disease, by such masters 
of sanitary science as Dr. W. Farr and Sir John Simon ; 
but, beyond recommendations of better ventilation of 
barracks, workplaces, etc., and of the provision of lung- 
spaces in towns, and of better drainage of districts, no 
direct effort was made to prevent the communication of the 
disease. No such means of disinfection as was practised 
in Italy and the south of France, for instance, was ever 
used. 

Consumption was indeed regarded as an infectious 
disease by many physicians long before the discovery of 
the bacillus of tubercle. It was impossible that it should 
have been otherwise, after the researches of Villemin, in 
1865, and of other pathologists shortly afterwards. It may 
be safely said, however, that no practical attempts were 
made to prevent infection, until Koch pointed out the 
danger arising from tuberculous dust, and Cornet found 
the specific organism in the walls of rooms that had been 
occupied by phthisical patients. 

I believe that one of the first attempts at organised 
voluntary notification of phthisis and disinfection of houses 
in England was made at my suggestion by the medical staffs 
of the Consumption Hospital and of the Royal Infirmary 
in Manchester, in the year 1892. At a meeting of these 
gentlemen, which was also attended by Dr. Tatham, then 
Medical Officer of Health for Manchester, a scheme was 
drawn up, and, thanks to the public spirit and energy of 
Dr. Tatham it was at once put into practice, and was con- 
tinued for several months. It was then abandoned for a 
time, in order that Prof. Del^pine might make experiments 
upon the efficiency of the methods of disinfection employed. 
The work in Manchester was afterwards independently and 
thoroughly carried out by Dr. Niven, upon a system of his 
own, originally formulated in Oldham, but extended and 
revised to meet the requirements of the Manchester City 
Council. About the same time (in 1893-4) an admirable 
system of dealing with infected persons and infected 
houses was carried out in New York, and various towns in 
England and Scotland followed these examples. 

In 1895, the National Association for the Prevention of 
Tuberculosis was established under the Presidency of the 
Prince of Wales; and it has done much to call public 
attention to the danger of infection, and to the means of 
warding off the disease. 

During the last few years, also, numerous sanatoria for 
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the reception of consumptive patients have been established, 
and their reports claim a large measure of success in com- 
bating the complaint. Altogether it may be said that, 
within the last decade, a fairly strong direct effort has 
been made to abolish consumption. 

It might have been anticipated that such an active 
campaign against the disease would result in some note- 
worthy reduction in the phthisis mortality. It is discon- 
certing, therefore, to find that although the curve of the 
disease still declines on the whole, yet it falls at a diminished 
rate. There is even a slight rise from 1896 to 1900, and in 
the latter year its rate is nearly as high as it was in 1895. 
It falls again in the three following years, but no faster 
than it did from 1890 to 1895. As I have already pointed 
out, also, this slackening in the rate of descent cannot be 
due to the alteration in the grouping of the population, as 
it is confined to the curve of the male mortality. On the 
whole, I think that it must be admitted that there is some- 
thing to be explained in regard to this apparent arrest in 
the fall of the phthisis-rate. 

It cannot be supposed that the direct measures of repres- 
sion which we have just passed under review have had no 
effect ; nor can we admit that there has been any slackening 
in the energy with which general sanitary reforms have 
been carried out. I have made careful inquiries on this 
point in London, Liverpool, and Manchester, and, in all 
these places the female rates have been steadily diminish- 
ing, especially in Liverpool (Chart V), where most active 
work of reconstruction of unhealthy areas has been going 
on for many years. The male rate always lags behind that 
of the females, and is throughout the greater. 

From returns kindly furnished to me by Professor Hope, 
of Liverpool, and by Dr. Niven, of Manchester, I have 
drawn the Charts (Nos. V and VI) — which show the 
variations in the male and female phthisis-mortality for a 
number of years. In each of these cities I am informed 
that from 6,000 to 7,000 unsanitary dwellings have been 
dealt with.* The power of sanitary reform, then, in miti- 

* Since the reading of this Paper, Sir Shirley F. Murphy has kindly fur- 
nished me with the male and female phthisis-rates for London, from 1851 to 
1903. These figures are uncorrected for institutions, but are sufficiently 
correct for our purpose, as will be seen by comparing the uncorrected with 
the corrected rates for the years 1895 to 1903. Time does not permit charts 
to be made from these figures, but they are given in extenso in an Appendix. 
They will clearly show that similar conditions to those in Liverpool and Man- 
chester are found in London. There is the same preponderance of male over 
female deaths. The descent of the female rate is also more decided and more 
rapid than that of the males. 

t2 
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gating the disease among females is therein made clearly 
evident, but among males it is obvious that it has had 
less effect. 

From the consideration of these facts we are almost 
driven to conclude that some malign influence has intervened 
to prevent both the sets of agencies mentioned from having 
their full effect upon the males of the population. In other 
words, that there must be some permanent sources of in- 
fection which, at the present time, are out of reach of these 
beneficent agencies. Now, when we look around for 
sources of infection mainly affecting males, there are three 
which stand prominently forward : 

1. The imperfect ventilation of many of the work- 
places in which both sexes are employed, but in which the 
spitting habits of the males expose them to greater danger 
than the females. 

2. The habitual use of common lodging-houses, which is 
more prevalent among men than women. This source of 
danger has already been alluded to. 

3. The constant resort of the working-man to the public- 
house, and his long-continued sitting and inhaling of the 
sputum-laden air. 

I have already mentioned this last source of infection as 
a cause of the still untouched residuum of tubercular 
disease. We shall find further grounds for this opinion in 
the next section. 

D. — Causes of the Differences between the Phthisis- 
rates OF England, Scotland, and Ireland. 

Hitherto, in our contemplation of Charts II, III, and IV, 
we have dwelt mainly upon the singular coincidences to be 
found between the minor undulations of the curves. We 
have now to consider their equally remarkable differences 
and their significance. 

These differences are chiefly three : — 

(1) The deplorable fact that, whilst in England and 
Scotland the phthisis mortality has greatly diminished, in 
Ireland it has increased by about one-fourth, in the course 
of the thirty-seven years recorded by the Registrar- 
General. 

(2) We have the strange circumstance i^hat, whilst in 
Scotland and Ireland the female rate exceeds the male, in 
Eaorland the reverse is the case. 



1*HEltl SIGNlFICAJ^CE Ai^l> TtiEiR TEACHING. S77 

(3) In both England and Scotland, the female rate 
descends more rapidly than the male. 

These facts need explanation ; and in attempting to 
account for them, I think that we shall find some 
corroboration of the conclusions at which we have arrived 
as to the variations in the English phthisis-rate. 

With regard to the increased phthisis mortality in 
Ireland, it is most probable that it is due mainly to the 
absence — in the greater portion of the country — of those 
beneficial sanitary reforms which we have found to be such 
potent weapons against tubercular disease. 

Although in one or two towns a certain degree of 
sanitary effort has been made, it is incontestable that all 
over the country sanitation, such as wc have been accus- 
tomed to in England and Scotland, has not been carried 
out. The greater part of the country is still undrained ; the 
hovels in which the peasantry used to live and die are hovels 
still ; cleanliness is rare, and nuisances of all kinds abound 
to almost as great an extent as they did formerly. In 
Dublin and many other towns, there are an abundance of 
breeding-places for the tubercle bacillus. 

The Report of the Royal Commission on Towns in 
Ireland, in 1877, says that : " revelations of a very startling 
and shocking nature were brought before us, indicating an 
almost culpable degree of apathy on the part alike of the 
sanitary authorities and the inhabitants" (quoted by Sir J. 
W. Moore, in an Address on State Medicine in 1885). 

Sir J. W. Moore also tells us that "the Sanitary Act of 
1877 was so faulty and so stingy in its provisions for the 
payment of the Medical OfiScers of Health, that sanitation 
in Ireland has received a check, which, even if public 
opinion is gradually brought to bear upon the subject, 
twenty years will scarcely remedy" {Dublin Journal of 
Medical Science, vol. Ixxix, p. 212). 

We can hardly doubt that this neglect of sanitary reform 
has withheld from Ireland many of the beneficent measures 
which in England have proved so powerful in restraining 
tubercular disease. - 

We must add to these adverse influences the fact that 
owing to the excessive emigration from Ireland of many of 
the most able-bodied and healthy persons of both sexes, a 
large proportionate residuum of weakly and tubercularly- 
susceptible individuals have been left behind, to run the 
gauntlet of infective agencies, fostered by the neglect of 
sanitary measures. 
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Here again, however, we must point out that this 
influence would affect both males and females. 

It would also surely have had most effect in the early 
years of the period, when the exodus of the population was 
most manifest. 

It has further been suggested to me by Mr. W. J. 
Crossley, that some part of the increased mortality from 
phthisis in Ireland may be due to the fact that now 
buttermilk is much less used in the ordinary diet of the 
peasant than it was formerly. 

The " Creameries" that have been established through- 
out the country take most of the milk, and export it in 
various forms, so that this source of nourishment has been 
greatly diminished. 

On the whole, then, we must conclude that the main 
causes of the rise in the Irish phthisis-rates of both males 
and females are to be found in the want of proper ventila- 
tion of dwellings, in the lack of land drainage, in the want 
of healthy environment, and especially the dampness of the 
surroundings ; in the lack of proper nourishment, in habits 
of intemperance, and, lastly, in the imperfect manner in 
which the direct means of combating the infection have 
been carried out. Many of the above-mentioned causes of 
the disease would fall most heavily upon the female popu- 
lation, and hence probably arises the predominance of the 
female over the male rates of mortality. 

The adverse influences mainly affecting males in England 
have already been indicated, namely, the practice of 
spitting in ill-ventilated workplaces, common lodging- 
houses, and the public-house. Owing to these causes, while 
the female rate has been lowered more than one-half in 
twenty-eight years (from 2,113 to 993), the male rate has 
gone down less than one-third (from 2,296 to 1,427). But 
another point has also to be noted, namely, that throughout 
the whole period for which the figures are available in 
England, whilst the above-mentioned adverse circumstances 
have been able to keep the male rate above the female 
rate, a complete contrast to this state of affairs is to be 
found in Ireland and Scotland ; in these countries — except 
at the very end of the period — the female rate is the higher 
of the two. It would be interesting if some explanation 
could be given of this difference. Probably some part of it 
is due to the different degrees to which the several popula- 
tions are attracted to indoor employments. 

Dr. Greenhow was the first to point out (in 1868) that. 
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in proportion as workpeople were occupied in indoor 
employments, so did the mortality from lung disease in- 
crease ; if more males than females were so employed their 
rate was highest, and vic6 versd. His observations on this 
point have been amply confirmed by others. 

According to this rule we should expect the female rate 
to be usually the higher, as women more commonly work 
indoors, often at home, in household occupations. This is 
so even in England, in the agricultural counties, where the 
female rate of mortality from phthisis exceeds the male 
rate. But in this country, so great is the power of the 
adverse circumstances which have been mentioned, that, 
as we have seen, the total phthisis-rates of the males con- 
stantly exceed those of the females, and their grade of 
descent is less abrupt. In Ireland and Scotland, however, 
where the men mostly work out of doors, it is the women 
who suffer most from the disease. Are, then, the malign 
influences less potent in these countries than in Ens^land ? 
An inquiry into the differences in the habits of the 
several populations might throw some light upon this 
question. 

Looking broadly at the matter, it seems clear that there 
are certain diflerences in some of their habits. Thus, in 
Ireland and Scotland, although the peoples are for the 
most part of difierent religions, yet they are, especially the 
females, more inclined to attend divine service in church or 
chapel than are the bulk of English people; and these 
places of worship are notoriously badly ventilated. On 
the other hand, the English, especially the males, are more 
inclined to all kinds of social gatherings in equally badly- 
ventilated rooms. Again, although the spitting habit may 
be equally common among the males of all three countries, 
this source of infection is more likely to affect the English- 
man than either the Scotchman or the Irishman. There is 
but little desecration of church or chapel by spitting on 
the floors, the women using their handkerchiefs for this 
purpose ; but it is notorious how general is this disgusting 
habit in most of the places frequented by the English 
working-man. 

In each of the three sources of infection which we have 
mentioned as the cause of the excessive mortality of the 
English workman, it is the tuberculous dust spread by 
this habit which is the main agent at work : in the work- 
place, in the common lodging-house, and in the public- 
house. 
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Although I am not well acquainted with the habits of 
the Scotch or Irish in this respect, yet I should suppose 
that it would at least be less hurtful to them than it is 

■ 

to the Englishman. 

Owing to his prevailing occupations, the Irishman and 
the Scotchman would mostly spit out of doors ; the English- 
man indoors on the floor of any place where he might be. 
The drinking habits of the three nations may also tend 
towards this result. Although they may, on the average, 
take about the same amount of alcohol per person, they 
take it, for the most part, in different fashions. The 
Scotchman goes into his " dram-shop," quickly drinks down 
his dram, and goes out again immediately. The Irishman 
often does the same, though he may perhaps linger for a 
longer time, taking his porter or his " toddy" in sips ; but 
we know how long an English labourer sits in the bar or 
tap-room, drinking successive glasses of beer, treating his 
friends, and discussing the affairs of his parish or of the 
nation. A tuberculous person spits as freely upon the 
floor as his healthy neighbour, and the tuberculous matter 
dries up amongst the sand or sawdust, gets ground into a 
fine powder, and when swept up flies into the air on wings 
of epithelium, and so is ready to lodge in any susceptible 
person's lungs. I believe that these differing circumstances 
will account for most of the differences in the phthisis-rates 
of the three kingdoms. 



E. — The further Campaign against Phthisis. 

There are several lessons to be learnt from this review of 
phthisis mortality, especially in regard to the future 
campaign against this disease. 

Thus (1), although so far the direct measures of repres- 
sion, such as notification and disinfection, have been over- 
weighted by adverse circumstances, and have made no 
apparent impression upon the rates of mortality, yet we 
cannot doubt that ultimately they must have an effect, and 
must be energetically persevered .with, especially the 
disinfection of houses in which phthisical patients have 
lived or died. 

But (2) we cannot forget that, however closely the net 
of notification may be drawn around the known con- 
sumptives, a large number will nevertheless escape through 
its meshes, and will spread the specific infection broadcast. 
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Accordingly, it will always be necessary to use the other 
means of quelling the disease which have proved so 
efficacious in the past. We must, therefore, persevere with 
all the measures of sanitary reform, which act by removing 
the chief conditions under which alone infection becomes 
^ possible. We have seen that even when the seeds of this 

infection were present in large quantities, yet free ventila- 
tion, good drainage, sunshine, and abundance of good food 
and clothing, have reduced the phthisis mortality of 
males in England by nearly two-thirds, and of females 
by nearly three-quarters. It would, therefore, be folly to 
give up the weapons which have already produced so 
magnificent a result, and trust only to the continental 
methods of isolation and disinfection. 

Much as has been done, much more yet remains to be 
done, in the way of opening up the blind streets and alleys 
in our large towns, the destruction of insanitary property, 
the building and proper management of healthy dwellings 
of the poor, and the preservation of as pure an atmosphere 
as possible in all communities of human beings. More 
persistent efforts will also have to be made to obtain herds 
of tubercle-free cattle throughout the country. When all 
this is accomplished, however, I fear that there will still 
remain the adverse influences which we have seen to weigh 
so heavily, especially upon the male phthisis-rates. 

If we are to clear away the last dregs of the disease from 

the populations of these islands, it will be necessary to 

adopt stringent measures against the spitting habit in all 

public places, and also in workplaces, common lodging- 

^ houses, and public bars and taprooms. Moreover, efficient 

ventilation must be established by law in all these places, 
and also in all places of public assembly: in theatres, 
concert-rooms, churches and chapels ; and, not only air, but 
adequate light must also be admitted. The education of 
the public, and especially of the children, in general 
hygiene and in the best methods of avoiding tuberculosis 
infection, must be more adequately carried out. When all 
this has been accomplished, we might then hope to see 
a steady and more rapid descent of the phthisis mortality 
curve, and might expect that, after not many decades of 
years, this opprobrium of our race will cease to exist. 

The Appendices to this Paper will be found on pages 
282 to 284, and the Discussion follows on page 285. 
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APPENDIX I.— Continued. 



Statement of Mean Maximum and Mea/n Minimum Air Temperatures 
taken at 9 a.h. daily from 1867 to 1903, inclu^dve. 





Air Temperature. 


Air Temperature. 


• 

Year. 


Mean 
Maximum. 


Mean 
Minimum. 


Year. 


Mean 
Maximum. 


Mean 
Minimum. 




Deg. 


Deg. 




Deg. 


Deg. 


1867 


54.7 


43.2 


1886 


63.1 


43.3 


1868 


57.4 


44.9 


1887 


53.4 


42.6 


1869 


55.5 


44.1 


1888 


62.8 


42.7 


1870 


54.9 


43.1 


1889 


60.4 


43.8 


1871 


64.9 


43.2 


1890 


63.9 


43.7 


1872 


66.0 


44.4 


1891 


53.6 


42.9 


1873 


54.0 


43.6 


1892 


52.6 


42.4 


1874 


54.9 


44.0 


1893 


66.7 


45.0 


1876 


64.2 


44.3 


1894 


56.1 


44.4 


1876 


54.5 


43.9 


1895 


53.4 


42.6 


1877 


64.2 


44.2 


1896 


54.6 


44.1 


1878 


54.4 


44.6 


1897 


64.6 


44.1 


1879 


60.9 


41.7 


1898 


65.6 


45.1 


1880 


54.2 


44.1 


1899 


65.2 


1 

44.2 


1881 


52.8 


42.5 


1900 


64.3 


44.4 


1882 


64.4 


44.4 


1901 


54.3 


43.7 


1883 


53.9 


44.0 


1902 


53.1 


43.3 


1884 


56.4 


44.9 


1903 


63.9 


44.1 


1885 


52.8 


42.9 









APPENDIX II.— ADMINISTHA^TIVE COtJNTY OF LOirt>ON. 

(SIR SHIRLEY F. MURPHY.) 
Fbtrisis.— Death-Rates per 1,000,000 living, 1851 to 1903. 



Year. 


Males. 


Females. 


Year. 


Males. 


Females. 


1851 


3.459 


2.538 


1880 


2.705 


1.839 


1852 


3.330 


2.566 


1881 


2.687 


1.846 


1853 


3.462 


2.603 


1882 


2.714 


1.801 


1854 


3.337 


2.510 


1883 


2.749 


1.857 


1855 


3.410 


2.648 


1884 


2.701 


1.798 


1856 


3.152 


2.519 


1885 


2.536 


1.712 


1857 


3.229 


2.416 


1886 


2.571 


1.663 


- 1858 


3.162 


2.420 


1887 


2.363 


1.541 


1859 


3.329 


2.436 


1888 


2.275 


1.438 


1860 


3.224 


2.417 


1889 


2.371 


1.436 


1861 


3.224 


2.359 


1890 


2.622 


1.591 


1862 


3.177 


2.380 


1891 


2.480 


1.512 


1863 


3.110 


2.376 


1892 


2.320 


1.415 


1864 


3.474 


2.482 


1893 


2.340 


1.439 


1865 


3.419 


2.476 


1894 


2.179 


1.283 


1866 


3.705 


2.589 


1895 


2.219 


1.374 


1867 


3.446 


2.407 


1896 


2.159 


l.i96 


1868 


3.411 ' 


2.386 


1897 


2.242 


1.281 


1869 


3.284 


2.331 


1898 


2.274 


1.275 


1870 


3.349 


2.275 


1899 


2.378 


1.370 


1871 


3.116 


2.256 


1900 


2.270 


1.224 


1872 


3.118 


2.121 


1901 


2.145 


1.186 


1873 


3.042 


2.163 


1902 


2.089 


1.107 


1874 


3.000 


2.034 


1903 


. 2.0U 


1.098 


1875 


3.152 


2.174 








1876 


3.112 


2.139 








1877 


2.944 


2.041 








1878 


3.054 


2.156 








1879 


3.001 - 


1.995 









Phthisis : Dea/th-Bates per 1,000 living. 



Year. 


Death-rate* not fully corrected 


Death-ratef fully corrected for 


for Institutions. 


Institutions. 


1895 


1.83 


1.77 


1896 


1.73 


1.68 


1897 


1.78 


1.71 


1898 


1.79 


1.72 


1899 


1.90 


1.82 


1900 


1.79 


1.73 


1901 


1.71 


1.66 


1902 


1.64 


1.60 


1903 


1.60 


1.55 



^''4* Including deaths of Londoners in the Metropolitan workhouses, hospitals, 
and lunatic asylums outside the;County of London, but excluding deaths of 
non-Londoners in the Willesden Workhouse, the London Fever Hospital, the 
Metropolitan Asylums Board's Hospitals, and the Middlesex County Lunatic 
Asylum, within the County of London. 

t These death-rates are^fuUy corrected for institutions, i,e., by the exclu- 
sion of deaths of persons not belonging to but x>ccurring ,in institutions 
situated within London, and by the indusion of deaths of persons^belonging 
to London, but occurring in London institutions situate outside the Adminis- 
trative County. 
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Discussion on Dr. Ransome's Paper. 

The President: Dr. Ransome has added one more to 
the many valuable contributions he has made to the 
Transactions of this Society, and one more claim upon our 
thanks as members of it. I will now ask Sir Shirley 
Murphy to open the discussion. 

Sir Shirley Murphy : I wish to express my very warm 
appreciation of the value of this Paper. It is a most excel- 
lent resum^ of the subject, dealing as it does with the 
causes of the remarkable diminution of phthisis which we 
have all been watching during recent years. I confess that, 
whilst the general fall in the rate of mortality has in- 
terested me very much, it is really of less interest than the 
difference between the male and female mortality-rates. 
The fact that the women are deriving benefits in greater 
degree than men certainly does want explanation, and I can 
imagine various hjrpotheses that might tend to explain 
it, one of which I will offer to Dr. Ransome. In recent 
years, as Dr. Ransome has pointed out, the country has 
gone through a period of improved prosperity, and the 
people are better housed and better fed at the present day 
than they were fifty years ago. Now, when a family is 
poor, who is it that suffers most? It is invariably the 
woman who goes without ; often, indeed, she starves her- 
self. She feeds her husband, she feeds her children, but 
she herself will go without. But with improved prosperity 
she comes in for her share ; and I think in all probability 
the people who have derived the most benefit from the 
improved conditions of recent years have been the women ; 
that is to say, they have had less necessity to starve them- 
selves. The man, who was the better* off years ago, has 
continued to be still better fed, but the change which has 
come about has made very much less difference in the case 
of the men than in the case of the women. That is a 
hypothesis which may be suggested : what it is worth I do 
not pretend to say, but it might explain some of the 
differences between the male and female curves. 

What are the actual circumstances that are leading to 
the improvement in both sexes ? I know that if the 
sanitary areas of London are arranged, first, in order ac- 
cording to the amount of overcrowding, i.e., the pro- 
portion of their population overcrowded ; and, second, ao^ 
cording to their rates of mortality from phthisis, you will 
find much paralellism between the two. That demonstrates 
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pretty clearly that the phthisis death-rate of a district or a 
town stands in close relation to the proportion of its 
population which is overcrowded. 

Of course, one knows that overcrowding is, after all, 
only an expression for poverty. People who are pretty 
well off not only live in houses where they have more 
accommodation, but they are able to buy more food, and in 
greater variety. So that we cannot say it is the want of 
house accommodation, or the want of food alone, since 
these things are only a general indication of the social 
condition of the population. The social improvement which 
has taken place probably acts in two ways: it enables 
people to get more space, and it enables them also to get 
better food, which no doubt makes them more resistant to 
invasion. 

Dr. Ransome has been obliged to ignore in his Paper one 
bubject which may be related to the amount of prevalence 
of phthisis. I mean the occurrence of tuberculous disease 
in the lower animals, especially in the bovine animal. 
Whatever part tuberculous milk plays as an original 
factor in the production of phthisis, it would appear 
that prevalence of phthisis is more largely governed 
by other conditions, because the very poor, who suffer 
most from phthisis, are the people who get the least 
milk. The most important conditions may be those which 
tend to make the human subject resistant to the disease. 
If that is so, it must be largely in the direction of the 
improvement of social conditions that we shall have to 
look for the further reduction of phthisis. 

Dr. Bansome has mentioned also the effect of alcohol in 
making people susceptible to phthisis. Apart from the 
deleterious action of alcohol on the tissues, it may be that 
alcohol replaces a wholesome food supply, and that it is in 
this way that the mischief is done. One knows that in 
many families a very large proportion of the weekly wage 
goes in alcoholic drink, and I can quite believe that, even 
with an improved state of prosperity, when wages are 
higher, such a large proportion of those wages goes in 
alcohol that the better food that the money might buy is 
not consumed. 

Dr. Ransome has drawn attention to the fact that the 
decline is not as rapid as it was. I think this is also expli- 
cable on the hypothesis that better feeding makes people 
resistant to phthisis. I mean, that as the people have been 
provided with a better food supply, they have acquired all 
the resistance from that change that they can get; and 
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perhaps, more food and better food still would not have 
such effecl as in the past in making them more resistant 
to the disease. I should think, in all probability, the rate 
of decline will get less and less ; and I do not myself 
anticipate that in thirty years this country will be free 
from tuberculosis. However, some of us will not live to 
see that. 

Dr. Newsholme: I should like to add my tribute of 
thanks to Dr. Ransome for the admirable resume of our 
knowledge as to phthisis which he has given us ; and for 
the indications which he has given us also for future work 
along lines offering good prospects of still further reduction 
of phthisis mortality. 

Possibly Dr. Ransome has made a little too much of the 
slackening of the reduction in the rate of mortality from 
phthisis ; or rather, he has expressed too strongly his sense 
of disappointment that the direct measures which have 
been taken against phthisis have not been followed by 
more definite results than have followed them. As a 
matter of fact, it is only fair to say in deprecation of that 
view, and in defence of those more active direct meavsures 
of notification, disinfection, and sanatorium treatment, that 
they have not been adopted to any considerable extent ; 
indeed, only to a ridiculously small extent in proportion 
to the total amount of phthisis in the country. I think 
that is a point which it is necessary to emphasise. With 
the exception of Manchester, Sheffield, and Brighton, and 
possibly one or two other places, little or nothing has been 
done in regard to the notification of phthisis and the 
subsequent measures which follow upon such notification. 
I speak with a sense of responsibility in making that 
statement ; for although it would be very easy to compile a 
list of forty or fifty districts, including metropolitan 
boroughs, which have voluntary notification of phthisis, in 
the vast majority of them (with the exceptions I have 
made) it is to all intents and purposes either a ridiculously 
small affair or a dead letter. In my own town, I am glad 
to say, the notification of phthisis has been a great success. 
I am somewhat proud of the fact that, during the last 
twelve months, we had a larger number of voluntary notifi- 
cations than Sheffield had during the first year of its 
compulsory notification of phthisis. Doubtless, in Sheffield 
the number will increase as the compulsory powers become 
better known. No doubt that is partly due to the fact 
that when the cases have been notified we have, in 
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Brighton, been able to do something for them : we have 
been able to take them into a Sanatorium, and give them 
treatment. A considerable impetus has thus been given to 
notification. 

It is certain that notification has not had more than a 
very scanty scope so far ; and therefore one cannot wonder, 
even though it was accompanied by the utmost measures 
that could follow upon it, that the total effect on the 
phthisis of the country has been small. 

I was greatly interested in what Dr. Ransome said about 
the relative trustworthiness of mortality figures for phthisis 
in the early years of civil registration. I think that point 
is open to doubt ; but still I am very glad to hear his 
authoritative statement upon it. It certainly must appear 
to everyone extremely remarkable that during the early 
years of registration — from 1838 onwards — there was a 
much more rapid decline than in the later years during 
which that sanitary reform, to which Dr. Ransome ascribes 
the reduction, was very much more active. 

I was also greatly interested in what was said about the 
periodicity which is shown in some of the English curves. 
The last peak (that for 1890) coincides with the first great 
year of the recent epidemic of influenza in this country. 
You will remember — indeed it is a notorious fact — that 
influenza hurries people suffering from phthisis into their 
graves much more rapidly than they would otherwise go ; 
and I think that is the probable explanation of that parti- 
cular peak. I am not able to give an explanation of the 
other periodical peaks; but it would be interesting to com- 
pare the periods of other epidemics with the years of 
increased rate of phthisis. 

A point has been made by some of the fact that, although 
phthisis is an infectious disease, it does not show epidemic 
peaks as other infectious diseases do. I think it is un- 
reasonable to expect that it would do that, because, in the 
case of phthisis, we have to deal with a chronic infectious 
— ^not an acute infectious — disease. And that leads me to 
an interesting point as to what is the average duration 
of cases of phthisis. It is usually stated as three years, 
but my own experience is that it is considerably longer 
than that. In my own town I have computed the amount 
of sanatorium accommodation required on a basis of four 
years* average duration of the disease ; but, personally, I 
think even that is too short. 

With regard to the slackening of the rate of decline of 
phthisis, I think Dr. Seaton would tell us that we must 
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compare that with typhoid fever, in which there has been 
a similar slackening in the rate of decline of mortality : 
the major causes of the disease having disappeared, and 
the minor causes, which produced scattered and sporadic 
cases, still remaining. We are much more impotent to deal 
with the causes of these minor outbreaks of enteric fever 
than with the causes of the major outbreaks. I think there 
is an analogy between that and the facts relating to phthi- 
sis. A good many minor factors in the spread of phthisis 
remain, and for that reason it can scarcely be expected 
that we shall have the same rapid rate of decline in the 
future as in the past. 

With regard to the reasons for the decline in phthisis 
mortality which has occurred, I listened with the utmost 
interest to Dr. Ransome's views. 

I was greatly interested to see that he lays great 
stress upon the importance of land-drainage. Personally, 
I am unable to endorse that view. Some years ago I 
ventured to write on this subject* — after a careful exami- 
nation of both Dr. Bowditch's and Sir George Buchanan's 
papers — and t came to the conclusion that the data did 
not completely support the inferences drawn from them ; 
that, in other words, the data needed revising. I think, 
that if the same data were gone over again, brought up to 
date, and proper allowances made for social conditions, 
and for age- and sex-distribution, the same results would 
probably not be obtained. 

One has to remember, for instance, in comparing imper- 
vious with pervious soils, that it has long been regarded as 
almost a commonplace that it is more healthy to live on a 
pervious than an impervious soil. The result of that is, that 
the pervious soils are lived upon by persons of relatively 
high social position, and the impervious soils are lived upon 
by the poorer classes : so that, when you compare the people 
living upon these two kinds of soil, you are to some extent 
comparing persons of high social position with persons of 
low social position, and that is a matter of direct im- 
portance in producing conditions of phthisis. I think that 
question of soil needs to be reinvestigated. 

Then, furthermore — as Sir Shirley Murphy has already 
told us — whilst these main-sewerage works were going on, 
manufactures were increasing by leaps and bounds, and 
wages were increasing. It is quite true that the price of 

* "The iDfluence of Soil on the Prevalence of Pulmonary Phthisis," 
Practitioner, February, 1901. 
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food did not go down at once, after the Corn Laws were 
repealed — indeed, not for ten or fifteen years. But, 
although food did not immediately become cheaper, the 
means of buying that food were increased, and consequently 
the social condition of the people was improved at a much 
earlier date than the reduction in the price of food. You 
have, therefore, two factors at work: first, the improve- 
ment in the status of life, accompanied later by reduction 
in the price of food ; and, secondly, subsoil drainage : and 
it is a question to which of these two we are to ascribe the 
eflect which in some districts was produced. Personally, 
I should be more inclined to ascribe it to improved con- 
ditions of life, etc., than to the reduction of the subsoil 
water; though the latter may have some effect by diminish- 
ing the tendency to bronchial conditions which predispose 
to phthisis. 

Then, with regard to public-houses, I venture to think 
that, inasmuch as there is as much drinking going on now 
per head of the population as in former times, one cannot 
speak with any degree of confidence of improved habits 
with regard to temperance. It may be there is more 
"soaking," though less drunkenness; and that may possibly 
have as bad an effect in lowering vitality as bouts of 
drunkenness, and may do as much to prepare the way for 
attacks of the tubercle bacillus. Then one has to remember 
that it is not simply a matter of taking alcohol; it is a 
question of the drinkers making the public-house their 
club. I think Dr. Niven is right in ascribing much 
importance to personal infection in the public-house. 

I was greatly interested to hear that the system of 
notification was inaugurated in Manchester in 1892. I 
was under the impression that Dr. Niven was the first to 
propose such a system in Oldham ; but, it is quite clear, that 
the first attempt was made at an earlier date in Manchester. 
Dr. Niven did not succeed in persuading the Oldham 
people to adopt his system of notification, though he subse- 
quently got it adopted in Manchester, about six months 
after we had it in operation in Brighton ; so that I may 
venture to claim that Brighton was the first to have 
notification of phthisis in actual operation ; and, as I have 
already said, we now have more cases annually notified 
per thousand of population than in the one town in which 
compulsory notification of phthisis is in force. 

I will conclude by again expressing my thanks to Dr. 
Ransome for his most valuable and suggestive Paper. 
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Dr. Seaton : At this late period of the evening, I hardly 
like to make any lengthy remarks ; but I should wish to 
say that the point of greatest interest to me in Dr. 
Ransome's Paper is his consistency of teaching. I profited 
by the lectures — of which he was mainly the author — that 
were inaugurated by the late Manchester and Salford 
Association; and one could find there, almost word for 
word, the passages in this Paper which bear out his teach- 
ing more than a quarter of a century ago. Not that 
Dr. Ransome has not been progressive — quite the contrary. 
It is to him that we owe some of the very best obser- 
vations as to the operation of the conditions of dwellings 
upon the action of bacilli — he has made all these celebrated 
scientific observations. 

I myself weus very much impressed with the consistency 
with which Dr. Ransome upholds the doctrine which he 
calls "the unconscious campaign against phthisis." On the 
other hand, I was rather surprised when I heard Dr. News- 
holme speaking about the soil question. It seems to me 
that he overlooked the fact that, in places where the 
improvement took place, the population was the same 
before and after. The diflference was in the subsoil, not in 
the population. It was the drainage operations which 
brought about the change in the mortality from phthisis. 
I think opinion must have changed very much on this 
subject and that the change is partly explained by the 
fact that, amongst the teachers of medicine, especially of 
late years, a sufficient importance has not been attached to 
the classical observations of forty years ago. The observa- 
tions to which I refer, namely, those on the effect of 
drainage of the towns — the efiect of sewerage works in not 
only drying but cleaning the subsoil of towns, are, I 
venture to say, firmly believed in by almost all in this 
room. 

There are many points that I should like to dwell upon, 
but it is too late now to make any lengthy remarks ; and I 
have only to add that I join with other speakers in ex- 
pressing my high appreciation of the very valuable resume 
that Dr. Ransome has given us. 

Dr. Allan : There are two points that I would like 
to mention, which have been referred to by some of the 
speakers : one is the question of notification. I observe 
lately, in the reports of many medical officers who have 
advocated the system of notification in the past, that they 
do not seem to find it a success. I hope they will not 
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be disheartened because it is not a success at first. I am 
sure that if the matter is taken up properly, and the cases 
are followed up afterwards, most beneficial results will 
accrue. I find that, in following up cases that have been 
notified, we come across many conditions which require 
ameliorating: one especially, which is not an infrequent 
condition to find in houses which have been occupied by 
phthisical people, and houses which appear to be " phthisi- 
cal" houses, is a condition of dampness. In spite of the 
drainage which has been carried out, we still have a 
number of houses left in which there are no damp courses 
at all : the removal of the subsoil water must have made 
these houses more dry ; but there are still certain houses 
in which a certain amount of dampness exists. 

I think we must recognise, too, that phthisis is becoming 
almost entirely a disease of the very poor; and it must 
not be forgotten that phthisis may be the cause of the 
poverty, as well as poverty being partially the cause of the 
disease ; and, perhaps, if we can remove the conditions of 
poverty, we shall find that we have, to a great extent, 
removed the predisposing cause of the disease. Un- 
doubtedly, so long as rents are high, and people have to 
live in crowded districts, with a very small amount of room 
and very bad ventilation, we can hardly expect to get rid 
of phthisis. 

An interesting case was brought to my notice the other 
day, which shows the value of ventilation. It was in 
connection with a large police-barracks, where for a number 
of years they were continually having cases of phthisis, 
and also cases of all kinds of disease. At last, after per- 
sistently reporting it to headquarters for a long time, an 
improved method of ventilating the whole place was insti- 
tuted. The result is, as the police-surgeon was telling me 
the other day, he has now hardly anything to do. I think 
people are coming to recognise more and more the value of 
fresh air. 

I have made out just lately a list showing what the 
effect of sanatorium treatment is on phthisical patients as 
compared with those who have not had it ; and I find that 
the number of people who take precautions after sana- 
torium treatment is just about double what it is in the case 
of those who have not had it, but were under a medical 
practitioner at home. They do not seem to be impressed 
with the necessity of taking precautions : of opening their 
windows, of adhering to methods of cleanliness, taking 
care of their sputum, and things of that sort. 

One of the things that prevents notification in London is, 
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that we cannot get the eases away anywhere. There is no 
chance of sanatorium treatment; and unless we can get 
something of that kind, the elimination of phthisis in 
London, will certainly be very much hindered for many 
years to come. 

Dr. Bulstrode: I should like to make one or two 
comments with regard to the periodical rises in the curve, 
showing the steady decline of pulmonary tuberculosis in 
this country. In 1855, there was an outbreak of influenza 
which might possibly be thought of as accounting for the 
increase of tuberculosis at that time. In 1866 there was 
the cotton famine, which might be held to have aided the 
increase during that year. In 1890 the recent prevalence 
of influenza began, but I find that in 1891 there was a 
much greater number of deaths from influenza than in 
1890. There are many suggestions, but it does not seem to 
me that they fully explain the elevations.. 

With respect to the rise in phthisis rates in Ireland, 
Dr. Ransome appears to attach a very large amount of 
in^ortance to the sanitary conditions, but it seems very 
doubtful whether the sanitary conditions would account 
for the increase. I can understand that the sanitary con- 
ditions are no better, but I think it is improbable that they 
are worse. Personally, I think the increase is more likely 
to be due to the people of Ireland having degenerated in 
physique and resistance, owing to the constant strain of 
emigration of the most fit, thus leaving behind the less 
resistant to reproduce, perhaps, a people with a distinct 
hereditary proclivity to the disease. I think that, on 
natural history grounds, that is the more scientific ex- 
planation. 

The President : I think the discussion must now draw 
to a close, especially as we still have to hear Mr. Cooper. 

I was going to make a few observations as to the question 
of phthisis and the prevention of phthisis as it arises in 
factories and workshops, as my contribution to the dis- 
cussion, but I am going to spare you this. Dr. Ransome 
has already touched upon some of the points, and he is 
past-master in these things, and his advice has been of 
great service in the ventilation of factories in this country. 

The lines representing the male and female phthisis 
death-rates in England, if traced backwards for a few 
years, approach each other, although the male rate still 
remains the higher, as now ; but in Scotland they cross. 
Dr. Ransome has stated that in the eighteenth century, the 
records available showed a much higher phthisis-rate. 
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Can he say whether, at that time the two English lines 
had crossed ; that is, whether the female phthisis death-rate 
then exceeded the male rate, as it does now in Ireland, and 
did recently in Scotland ? 

In conclusion, I want to tender to Dr. Ransome, on behalf 
of the Society, our cordial thanks for his admirable Paper. 

Dr. Bansome : May I answer your question first, Mr. 
President? I do not think that male and female mor- 
tality were separated in the statistics that I saw at the 
Statistical Society. I do not think they were separated 
into males and females, so that I cannot tell whether the 
females were worse in those days. I should think it likely 
they were, because in those days the males were far more 
engaged in outdoor work than the females. 

I must thank you very heartily for having so kindly 
received my Paper, and for the exceedingly careful dis- 
cussion you have given to it. One or two speakers have 
already answered one another, so that I will not allude to 
Dr. Newsholme's remarks about drainage. I think he was 
answered by Dr. Seaton. 

I did speak about the fact that drunkards' homes 
(including the starvation of their families), were a very 
potent cause of phthisis. Perhaps I have not laid sufficient 
stress upon the great harm of sheer poverty. I quite agree 
with everything that has fallen from the different speakers 
on that point. At the same time, mere poverty will not 
cause phthisis. I do not think the cause of it is, as the 
Freoch say, "la misere physiologique," nor that it is due 
simply to deprivation of nourishment and deprivation of all 
sorts of other stimulants of life. It has been proved that 
the very poor people on the west of Scotland — on the 
Island of St. Kilda and the Western Hebrides — did not 
suffer from phthisis, were entirely free from it, and yet 
they were miserably housed and miserably fed. There 
certainly was sufficient ventilation there, whereas in the 
poverty-stricken homes in England there is no ventilation. 
Mere filth, again, would not do it, because in St. Eilda 
they simply lived upon a floor of ordure. 

I do not lay the smallest stress upon the periodicity of 
the curves. I think it merely worth while noting that the 
period does come somewhat regularly about every twelve 
or thirteen years. There does seem to be some slight 
indication of this. 

I must again thank you for your very kind reception of 
my Paper. 
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ANCIENT THEORIES OF CAUSATION OF FEVER 

BY MOSQUITOES. 



The following Note by His Excellency the Governor of Ceylon has been 
forwarded to me by Sir Allan Perry, the Society*s Colonial Secretary 
for that colony, and it is of so much historical interest that I am repro- 
ducing it in the Trcmsactions. I have, unfortunately, been unable to 
secure the Sanskrit type, and have therefore had to be content with 
the reproduction of the translation. 

H. TiKBBEIX BULSTBODE. 



By Hi8 Excellency Sir HENRY A. BLAKE, a.C.M.G., Etc., 

Governor of Ceylon. 

In the course of inquiries into the causation of an epidemic of malarial fever 
in Mutwal, a division of the town of Colombo, last year, I received a report 
from fifteen members of the Sinhalese Medical Association, in which it was 
mentioned incidentally that, according to ancient authorities on Ayurvedic 
medicine, the chief causes of the disease are impure air and water and the 
existence of mosquitoes. I requested more precise information showing that 
mosquitoes were associated with the causation of malarial fever ; and in reply 
I received extracts from ancient Indian works, among them an extract from 
Susruta — a Sanskrit work compiled, I am informed, from one of the lost 
Vedas. The age of the work is not known ; but, as it was referred to in the 
works of a contemporary of K^lid^Uu., the great Sanskrit poet who flourished 
in the sixth century of the Christian era, the work is at least 1,400 years old. 

The following are the translations of the passages. They are taken from 
the Sanskrit edition published in 1873, and will be found at pages 43 and 45 
(Kalpasthana) : — 

Kit A. 

Life-destroying terrific twelve kind : 

Tunginasa 

Vichilaka 

Talaka 

Bahaka 

Koshtagara 

Kirimikara 



Mandalapuchchhaka 

Tunganabha 

Sarshapika 

Aralguli 

Sambuka 

Agnikita 



Their bite is as painful as that of serpents, and causes diseases resulting 
from the three humours joined together ; the bite, as if burnt with caustic or 
fire, is red, yellow, white, and pink colour, accompanied by fever, pain of 
limbs, hair standing on end, pain, vomiting, diarrhoea, thirst, heat, giddiness, 
yawning, shivering, hiccup, burning sensation, intense cold, vesicles or pustules 
increasing, swelling, knots under the skin, circles, etc. 

Masakdh (Mosquitoes) are of five kinds : 

Krishna 



Samudra 

Parimandala 

Hastimasaka 



Parwatiya 
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Their bite causes swelling on the part bitten, itching. As for the parwatiya, 
it has similar qualities to iSe-taking insects. 

H. SuMANGALA, High Priest, 
Principal, Yidyddaya College, Maligakanda. 

M. f^ANISSARA, 

Assistant to the Principal, Vidyddaya College 

I. Sarveswarasarma, Brahmin. 

Simon de Silva, Gate Mudaliyar, 
Chief Sinhalese Translator to (Government. 

R. C. Katlasafillai, Mudaliyar, 
Chief Tamil Translator to Government. 

That the translation should be verified satisfactorily, I invited five Sanskrit 
scholars of acknowledged authority to meet at Queen's House. The transla- 
tion is that unanimously adopted by these five gentlemen, who have signed 
the extract. 

These passages, written possibly three thousand, and at letist fourteen 
hundred years ago, are of singular interest, foreshadowing as they do the great 
discoveries of Manson and Ross. 

Truly there is no new thing under the sun. 
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